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1.0 Introduction 
Under the United States Army Corps of Engineers (USACE), Kansas City District, 
Contract No.  W912DQ-08-D-0018, Task Order No. 018, CDM Federal Programs 
Corporation (CDM) has been tasked to provide technical services to complete a 
Remedial Investigation/Feasibility Study (RI/FS) for the Raritan Bay Slag Superfund 
Site (the site) located in Old Bridge and Sayreville, Middlesex County, New Jersey.  
 
The overall purpose of this task order is to define the nature and extent of contaminant 
sources in sufficient detail to support preparation of the following reports: 
 

Remedial Investigation (RI) Report 
Human Health Risk Assessment (HHRA) 
Ecological Risk Assessment (ERA) 
Feasibility Study (FS) 
Record of Decision (ROD) 

 
The media to be investigated during the RI include soil, surface water, sediment, biota, 
and groundwater. 
 
This project-specific RI/FS Quality Assurance Project Plan (QAPP) has been prepared 
in accordance with the Uniform Federal Policy (UFP)-QAPP manual (EPA 2005) and is 
compliant with EPA’s Requirements for Quality Assurance Project Plans QA/R-5 
(EPA 2001) and EPA’s Guidance for Quality Assurance Project Plans G-5 (EPA 2002).  
This project will be implemented in accordance with the quality procedures in CDM’s 
QA Manual (CDM 2007) as modified by CDM’s USACE contract (6400/6402) Quality 
Implementation Plan (CDM 2009) and this QAPP.  This QAPP and the Accident 
Prevention Plan (APP) for the RI/FS field activities are the governing documents for 
execution of this work. 
  
1.1 Site Overview 
The Raritan Bay Slag Superfund Site is located in Old Bridge, Laurence Harbor, and 
Sayreville, New Jersey, encompassing wetlands, shoreline and beaches, upland areas 
adjacent to the shore, and sediments in the near-shore of Raritan Bay.  Approximately 
40 years ago, slag from a secondary lead smelter was used to construct a seawall along 
Raritan Bay and to augment a jetty on the western side of the Cheesequake Creek inlet.  
In the secondary lead smelter process, lead-acid batteries and other lead-containing 
material were melted in a smelter kettle.  The valuable metals were skimmed from the 
top, and the residue on the bottom, the slag, formed a hard material when cooled.  The 
dense rock-like properties of the slag made it an attractive material to use for seawall 
and jetty construction. QAPP Worksheet #10 and Section 1.2 below provide more 
information on the site description and history.  
 
1.2 Site Background and Path Forward 
In 2007, elevated levels of lead, antimony, arsenic, and copper were identified by the 
New Jersey Department of Environmental Protection (NJDEP) in the soil along the 
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seawall and at the edge of the beach near the western end of the seawall.  A September 
2008 EPA investigation included the collection of soil, sediment, water, biological, and 
waste samples from along the seawall in Laurence Harbor, the western jetty at the 
Cheesequake Creek Inlet, the beaches near these two locations, and the developed 
portion of the park.  Analytical results from both investigations indicate that levels of 
lead and other heavy metals are present at concentrations exceeding applicable 
standards in the soils, sediment, and surface water in and around both the seawall and 
western jetty. Additionally, elevated levels of lead and other metals were detected to 
the east of the seawall in the Margaret’s Creek wetland area during sampling 
associated with work done on a force main that traverses the area.   
 
At the EPA’s request, the New Jersey Department of Health and Senior Services, in 
cooperation with the Agency of Toxic Substances and Disease Registry (ATSDR), 
evaluated the analytical data from the samples collected at the site. Their findings 
concluded that, due to the elevated lead levels, a Public Health Hazard exists at the 
seawall in Laurence Harbor, the beach between the western end of the seawall and the 
first jetty, and the western jetty at the Cheesequake Creek Inlet, including the 
waterfront area immediately west of the inlet.  As a result of this determination, EPA 
restricted access to these areas (by installing fences and posting signs) and provided 
public outreach to inform residents and those using these areas of the health hazard 
that exists. 
 
The sampling and analysis activities proposed as part of this RI are intended to fill 
data gaps identified in the 2010 CDM Final (Revised) Data Gap Evaluation Technical 
Memorandum, and thus support potential response actions at the site, such as 
installation or construction of a jetty.  A feasibility study will be prepared to evaluate 
remedial technologies and remedial alternatives for the site.   
 
1.3 Additional Project Planning Documents 
To expedite the field program, two QAPPs have been previously prepared and 
approved to conduct remedial investigation activitiels at the site.  The Early Actions 
QAPP, dated April 12, 2010, included the slag distribution survey, which was a series 
of up to 30 test trenches, including collecting soil samples.  Revision 1 to the Early RI 
QAPP, dated August 5, 2010, included the hydrologic assessment, current and 
sediment transport profiles, and topographic and bathymetric surveys.  This Final RI 
QAPP covers remaining RI/FS activities, including: surface water sampling; sediment 
sampling, soil sampling; groundwater sampling; biota sampling; geochronology 
sampling; bioavailability sampling; Technical Working Group (TRW) soil sampling; 
background location sampling; and data management.    
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QAPP Worksheet #2
QAPP Identifying Information 

 

Site Name/Project:   Raritan Bay Slag Superfund Site 

Site Location:      Old Bridge/ Sayreville, New Jersey 

Operable Unit:    NA 

Site Number/Code:    NJN000206276

Contractor Name:     CDM

Contractor Number:     W912DQ-08-D-0018

Contract Title:     Unrestricted Indefinite Delivery/Indefinite Quantity, Multiple Award 
Contract, for Architect-Engineer (AE) Environmental Services for 
EPA Region 2 and the Corps of Engineers Northwestern Division

Task Order Number:     018 

Guidance used to prepare QAPP:  Uniform Federal Policy for QAPPs and EPA QA/R-5 
 
Regulatory Program:     Comprehensive Environmental Response, Compensation, and 

Liability Act (CERCLA)  

Approval Entity:     EPA Region 2, USACE-Kansas City District 
 
Is QAPP Generic or Project Specific:   Project-Specific QAPP for Remedial Investigation 
 
 
Dates of scoping sessions:  March 11, 2010 (See worksheet #9)

 
Dates and Titles of QAPP Documents Written for Previous Site Work, if Applicable: 
April 12, 2010 Final Quality Assurance Project Plan for Early Actions – Test Pit Investigations 
August 3, 2010 Revision 1 Final Quality Assurance Project Plan for Early Actions  

Organizational Partners (stakeholders) and Connection with Lead Organization:  
USACE, EPA 

                                                                                  
Data Users:  
CDM, EPA Region 2, and USACE 

                                                                                  
Required QAPP elements and required information that are not applicable to the project, and an 
explanation for their exclusions:  
N/A                                                                                 
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QAPP Worksheet #2 
QAPP Identifying Information 

(continued) 

QAPP Element(s) and Corresponding 
Section(s) of UFP-QAPP Manual Required Information 

Crosswalk to 
QAPP 

Worksheet No. 
Project Management and Objectives 

2.1 Title and Approval Page  - Title and Approval Page  1 
2.2 Document Format and Table of Contents  
 2.2.1 Document Control Format 
 2.2.2 Document Control Numbering 
  System 
 2.2.3 Table of Contents  
 2.2.4 QAPP Identifying Information  

- Table of Contents  
- QAPP Identifying 
 Information  

 
2 

2.3 Distribution List and Project Personnel  
 Sign-Off Sheet  
 2.3.1 Distribution List  
 2.3.2 Project Personnel Sign-Off 
Sheet  

- Distribution List  
- Project Personnel Sign- 
 Off Sheet  

3 
4 

2.4 Project Organization  
 2.4.1 Project Organizational Chart  

2.4.2 Communication Pathways  
2.4.3 Personnel Responsibilities and  

Qualifications 
2.4.4 Special Training Requirements 

and Certification  

- Project Organizational  
 Chart  
- Communication  
 Pathways  
- Personnel  
 Responsibilities and  
 Qualifications 
- Special Personnel  
 Training Requirements 

5 
 

6 
 

7 
 
 

8 

2.5 Project Planning/Problem Definition  
2.5.1 Project Planning (Scoping)  
2.5.2 Problem Definition, Site History, 

and Background  

- Project Planning  
 Session Documentation  
 (including Data Needs  
 tables)  
- Project Scoping Session  
 Participants Sheet  
- Problem Definition, Site  
 History, and Background  
- Site Maps (historical  
 and present)  

 
 
 
 

9 
 

Introduction & 10 
 

Figure 1 
Figure 2 

2.6 Project Quality Objectives and  
 Measurement Performance Criteria  

2.6.1 Development of Project Quality  
 Objectives Using the Systematic 
Planning  Process  

2.6.2 Measurement Performance 
Criteria  

- Site-Specific PQOs  
- Measurement  
 Performance Criteria 

11 
12 

2.7 Secondary Data Evaluation  - Sources of Secondary  
 Data and Information 
- Secondary Data Criteria  
 and Limitations 

 
13 

2.8 Project Overview and Schedule 
 2.8.1 Project Overview 
 2.8.2 Project Schedule  

- Summary of Project  
 Tasks  
- Reference Limits and  
 Evaluation 
- Project Schedule/Timeline 

14 
 

15 
 

Figure 10
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QAPP Worksheet #2 
QAPP Identifying Information 

(continued) 

QAPP Element(s) and Corresponding 
Section(s) of UFP-QAPP Manual Required Information 

Crosswalk to 
QAPP 

Worksheet No. 
Project Management and Objectives 

Measurement/Data Acquisition 

3.1 Sampling Tasks 
 3.1.1 Sampling Process Design and  
  Rationale 
 3.1.2 Sampling Procedures and  
  Requirements 

3.1.2.1 Sampling Collection Procedures 
3.1.2.2 Sample Containers, Volume,  

and Preservation 
3.1.2.3 Equipment/Sample Containers  

Cleaning and Decontamination 
Procedures 

3.1.2.4 Field Equipment Calibration,  
Maintenance, Testing, and  
Inspection Procedures 

3.1.2.5 Supply Inspection and  
Acceptance Procedures 

3.1.2.6 Field Documentation 
Procedures  

- Sampling Design and  
 Rationale 
- Sample Location Map 
- Sampling Locations and  
 Methods/SOP  
 Requirements 
- Analytical Methods/SOP  
 Requirements 
- Field Quality Control  
 Sample Summary 
- Sampling SOPs 
- Project Sampling SOP  
 References  
- Field Equipment  
 Calibration, Maintenance,  
 Testing, and Inspection  

17 
 

Figures 3-8 
Table 1 

18 
 

19 
 

20 
 

21 
Appendix B 

 
22 

3.2 Analytical Tasks 
 3.2.1 Analytical SOPs 
 3.2.2 Analytical Instrument Calibration 
  Procedures 

3.2.3 Analytical Instrument and 
 Equipment Maintenance, 
Testing, and Inspection 
Procedures 

 3.2.4 Analytical Supply Inspection and 
  Acceptance Procedures  

- Analytical SOPs 
- Analytical SOP  
 References  
- Analytical Instrument  
 Calibration  
- Analytical Instrument and  
 Equipment Maintenance,  
 Testing, and Inspection 

23 
 
 

24 
 

25 
 

3.3 Sample Collection Documentation,  
 Handling, Tracking, and Custody  
 Procedures  

3.3.1 Sample Collection 
Documentation  

 3.3.2 Sample Handling and Tracking  
  System  
 3.3.3 Sample Custody  

- Sample Collection  
 Documentation Handling,  
 Tracking, and Custody  
 SOPs 
- Sample Container  
 Identification  
- Sample Handling Flow  
 Diagram  
- Example Chain-of- 
 Custody Form and Seal 

26 
Appendix B 

 
 
 
 

27 

3.4 Quality Control Samples 
3.4.1 Sampling Quality Control 

Samples 
3.4.2 Analytical Quality Control 

Samples  

- QC Samples  
- Screening/Confirmatory  
 Analysis Decision Tree  

28 & 20 
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QAPP Worksheet #2 
QAPP Identifying Information 

(continued) 

QAPP Element(s) and Corresponding 
Section(s) of UFP-QAPP Manual Required Information 

Crosswalk to 
QAPP 

Worksheet No. 
Project Management and Objectives 

3.5 Data Management Tasks 
3.5.1 Project Documentation and 

Records 
 3.5.2 Data Package Deliverables 
 3.5.3 Data Reporting Formats 
 3.5.4 Data Handling and Management 
 3.5.5 Data Tracking and Control  

- Project Documents and  
 Records  
- Analytical Services  
- Data Management SOPs 

29 
 

30 
14 

Assessment/Oversight 

4.1 Assessments and Response Actions  
4.1.1 Planned Assessments  
4.1.2 Assessment Findings and 

Corrective Action Responses  

- Assessments and 
Response  
Actions  

- Planned Project  
 Assessments 
- Audit Checklists  
- Assessment Findings and  
 Corrective  
 Action Responses 

31 
 
 
 
 
 

32 
 
 

33 4.2 QA Management Reports  - QA Management Reports 
4.3 Final Project Report  - Final Report(s) 

Data Review 
5.1 Overview   NA 

5.2 Data Review Steps 
5.2.1 Step I: Verification 
5.2.2 Step II: Validation 
 5.2.2.1 Step IIa Validation 

Activities 
 5.2.2.2 Step IIb Validation 

Activities 
5.2.3 Step III: Usability Assessment 
 5.2.3.1 Data Limitations and 

Actions  from Usability 
Assessment  

 5.2.3.2 Activities  

- Verification (Step I)  
 Process  
- Validation (Steps IIa and  
 IIb) Process  
- Validation (Steps IIa and  
 IIb) Summary  
- Usability Assessment  

34 
 

35 
 

36 
 

37 

5.3 Streamlining Data Review  
5.3.1 Data review steps to be 

streamlined 
5.3.2 Criteria for streamlining data 

Review 
5.3.3 Amounts and Types of Data 

appropriate for Streamlining 

NA NA 
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Table 2a Data Quality Objectives 

Remedial Investigation/Feasibility Study Work Plan 
Raritan Bay Slag Superfund Site 

Old Bridge/Sayreville, New Jersey 
 
Step RI/FS Objective #1 Define the nature and extent of soil, surface water 

and sediment contamination  
State the Problem The nature and extent of soil, surface water and sediment 

contamination have not been fully characterized. 
Identify the Decision Determine the horizontal and vertical extent of the area where 

contaminant concentrations exceed ARARs. 
Determine if there is a human health risk from the 
contamination at the site 
Determine if there is an ecological risk from the contamination 
at the site. 

Identify Inputs to the 
Decision 

ARARs 
Existing soil, surface water and sediment data 
New soil, surface water and sediment data from depths not 
covered by existing data 
TRW sample results 

Define the Study 
Boundaries 

Lead, arsenic, antimony, chromium and copper are the primary 
contaminants. 
Contamination is expected to be limited to the upper 72 inches 
of sediment and soil. 
The data will be collected from Areas 1 through 11.   
The site is generally bounded by Margaret’s Creek to the east, 
Raritan Bay to the north, and Route 35 to the south.  Area 8 
extends approximately 500 feet to the west of Cheesequake 
Creek Inlet. 
Sample collection will be scheduled for tidal fluctuations. 

Develop a Decision 
Rule 

If concentrations of lead, arsenic, chromium and copper exceed 
applicable ARARs or acceptable risk levels, then further 
assessment and response will be required. 

Specify limits on 
Decision Errors 

CRQL/QL for all analyses 
The remedial investigation will be conducted in accordance 
with the approved RI/FS Work Plan, Contractor Quality 
Control Plan (QCP), quality assurance project plan (QAPP), 
and Accident Prevention Plan (APP). 

Optimize the Design 
for Obtaining Data 

The existing data was reviewed and a data gap memorandum 
was produced to identify areas requiring additional 
characterization. 
Remedial alternatives were considered to ensure sufficient data 
would be collected to support the feasibility assessment. 
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Table 2b Data Quality Objectives 
Remedial Investigation/Feasibility Study Work Plan 

Raritan Bay Slag Superfund Site 
Old Bridge/Sayreville, New Jersey 

 
Step RI/FS Objective #2 Characterize surface water flow patterns and 

sediment transport dynamics using current meters and geochronology 
samples. 

State the Problem The surface water flow patterns and sediment transport dynamics are 
not well understood.  These processes need to be understood to 
characterize the fate and transport of contamination at the site. 

Identify the Decision Determine the areas of the site where sediment deposition is 
occurring. 
Determine the areas of the site where sediment erosion is 
occurring. 
Assess the impact of predictable and non-predictable (storm) 
currents on the distribution of contaminated sediments and 
surface water. 

Identify Inputs to the 
Decision 

Topography 
Bathymetry 
Current study (Area 6, 7, 8 and 11) 
New and existing sediment analytical results 
Geochronology (Area 9) 

Define the Study 
Boundaries 

Lead, arsenic, antimony, chromium and copper are the primary 
contaminants. 
Sediment samples 
The data will be collected from Areas 6, 7, 8, 9 and 11.   
Tidal fluctuations will be considered in sample collection  
Areas of sediment deposition will be targeted for sampling. 

Develop a Decision 
Rule 

If sediment deposition areas are identified, then sediment 
samples will be collected in that area. 
If the data refines the understanding of sediment transport 
dynamics, then the site conceptual model will be updated to 
include the data. 
If geochronology samples indicate an influx of clean sediment 
into Area 9, then non-active remedies may be considered. 

Specify limits on 
Decision Errors 

The bathymetric and topographic survey will be recorded with 
1-foot elevation contour intervals for the beach areas and 
adjacent areas of Raritan Bay and 5-foot elevation contour 
intervals for the surrounding area  
The remedial investigation will be conducted in accordance 
with the approved RI/FS Work Plan, QCP, QAPP, and APP. 

Optimize the Design 
for Obtaining Data 

The current studies will be conducted in areas where the 
greatest current impact is expected, like Cheesequake Inlet. 
Areas of sediment deposition will be targeted for sediment 
sampling 
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Table 2c Data Quality Objectives 
Remedial Investigation/Feasibility Study Work Plan 

Raritan Bay Slag Superfund Site 
Old Bridge/Sayreville, New Jersey 

 
Step RI/FS Objective #3: Characterize groundwater-surface water interactions, 

vertical and horizontal groundwater flow, and provide a groundwater 
quality baseline. 

State the Problem There are currently no data on groundwater quality and the surface 
water-groundwater interactions and flow.  These data are required to 
assess remedial alternatives.   

Identify the Decision Determine if the groundwater at the site is impacted by the site-
related contaminants. 
Determine the tidal impacts on the groundwater across the 
seawall. 

Identify Inputs to the 
Decision 

ARARs 
Topographic survey 
Groundwater analytical results 
Long term groundwater elevations at selected monitoring wells 
Synoptic water levels at monitoring wells and staff gauges 

Define the Study 
Boundaries 

Lead, arsenic, antimony, chromium and copper are the primary 
contaminants of concern. 
Shallow and deep groundwater samples 
The data will be collected from Areas 1 through 11.   
Long term water levels will be collected at 10 minute intervals for 
1 month 
Synoptic water levels will be collected at monthly intervals for 6 
months. 
Sample collection will be scheduled for tidal fluctuations. 

Develop a Decision 
Rule 

If groundwater concentrations of site-related contaminants exceed 
ARARs, then additional investigation will be required 
If groundwater concentrations exceed ARARs, then groundwater 
treatment may be required as part of the remedial action. 
If groundwater/surface water interaction is anticipated to affect 
potential remedies, then management of groundwater will be 
incorporated into the development of remedial alternatives. 

Specify limits on 
Decision Errors 

The water level readings and topographic survey will be recorded 
to 0.010 foot.   
CRQL/QL for all analyses 
The remedial investigation will be conducted in accordance with 
the approved RI/FS Work Plan, QCP, QAPP, and APP. 

Optimize the Design 
for Obtaining Data 

Monitoring wells were located to evaluate the groundwater and 
tidally influenced flow across the seawall. 
Pressure transducers are located in wells across the site and on 
both sides of the seawall. 
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Table 2d Data Quality Objectives 
Remedial Investigation/Feasibility Study Work Plan 

Raritan Bay Slag Superfund Site 
Old Bridge/Sayreville, New Jersey 

 
Step RI/FS Objective #4:  Identify and quantify potential human health and 

ecological risks posed by exposure to contaminated soil, surface water, 
sediment, groundwater and biota. 

State the Problem The potential human health and ecological risks for the site have not 
been fully characterized. 

Identify the Decision Determine if there is a human health risk from the 
contamination at the site 
Determine if there is an ecological risk from the contamination 
at the site. 

Identify Inputs to 
the Decision 

ARARs and risk assessment guidance 
Existing soil, surface water and sediment data 
New soil, surface water and sediment data from depths not 
covered by existing data 
TRW sample results 
Bioavailability data for lead and arsenic 

Define the Study 
Boundaries 

Lead, arsenic, antimony, chromium and copper are the primary 
contaminants. 
Contamination is expected to be limited to the upper 72 inches 
of sediment and soil. 
The data will be collected from Areas 1 through 11.   
The site is generally bounded by Margaret’s Creek to the east, 
Raritan Bay to the north, and Route 35 to the south.  Area 8 
extends approximately 500 feet to the west of Cheesequake 
Creek Inlet. 
Sample collection will be scheduled for tidal fluctuations. 
Biota samples will be collected for species consumed by 
humans. 
Biota samples will be collected during appropriate seasons to 
obtain species consumed by humans. 

Develop a Decision 
Rule 

If the site risk is determined to exceed acceptable levels, risk 
management decisions will have to be made.   

Specify limits on 
Decision Errors 

CRQL/QL for all analyses 
The risk assessments will be conducted in accordance with the 
approved RI/FS Work Plan, QCP, and the QAPP. 

Optimize the Design 
for Obtaining Data 

Local residents and non-profit organizations were contacted for 
input on species to sample and sampling locations. 
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Table 2e Data Quality Objectives 
Remedial Investigation/Feasibility Study Work Plan 

Raritan Bay Slag Superfund Site 
Old Bridge/Sayreville, New Jersey 

Step RI/FS Objective #5 Conduct treatability studies of the source material 
(slag) and contaminated soils and sediments in order to develop 
remedial alternatives. 

State the Problem Conduct treatability study to determine the suitability of 
stabilization/solidification as a remedial technology to address site 
conditions and problems. 

Identify the Decision What technologies and designs can allow on-site stabilization of the 
contaminants in the slag and sediment and mitigate the release of 
contaminants into the environment? 

Identify Inputs to the 
Decision 

Early Actions RI findings and results  
Analytical results 
Bench-Scale Testing – Formulation of stabilization mix 
designs, and chemical and geotechnical testing of the cured 
formulations. 

Define the Study 
Boundaries 

Slag samples will be collected from the seawall and the western jetty 
for use in the treatability study. 

Develop a Decision 
Rule 

IF treatability study conclusions clearly indicate the performance of a 
technology compared with the performance standards established for 
the site, THEN the technology will be evaluated for: 

Effectiveness, implementability, and cost   
The potential for full-scale application. 

Specify limits on 
Decision Errors 

Treatability studies will be conducted in accordance with the 
approved Treatability Study Work Plan (TSWP) addendum to the 
RI/FS Work Plan, QCP, QAPP, and APP. 

Optimize the Design 
for Obtaining Data 

There are four levels of a treatability study that will be conducted:  
Laboratory chemical characterization – Conducted to 
characterize the chemistry of the slag and sediment to be 
stabilized. 
Development and formulation of mix designs – that are 
appropriate for the material’s chemistry and site conditions 
and will mitigate the mass transfer of contaminants from the 
slag and sediment into the environment. 
Bench-scale testing – to identify the performance of the mix 
design under expected field conditions. 
Identification of site-specific stabilization approaches using 
the mix designs tested – evaluation of cost, effectiveness, and 
implementability at full-scale. 
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Table 2f Data Quality Objectives 
Remedial Investigation/Feasibility Study Work Plan 

Raritan Bay Slag Superfund Site 
Old Bridge/Sayreville, New Jersey 

Step RI/FS Objective #6 Develop and screen remedial alternatives. 
State the Problem A Feasibility Study needs to be conducted to develop and initially 

screen remedial alternatives to achieve remedial action objectives 
(RAOs) for contamination associated with the slag seawall, slag jetty, 
contaminated soils, and contaminated sediments at the site. The 
alternatives need to be screened qualitatively against three criteria:  
effectiveness, implementability, and relative cost. 

Identify the Decision Effectiveness – How well might a technology perform at the 
site? How might the technology impact human health and the 
environment?  
Implementability – How technically and administratively 
feasible is the technology? 
Relative Cost – Are the costs of the technology high, moderate, 
or low compared to other technologies being considered?  

Identify Inputs to the 
Decision 

Remedial action goals, findings from human health and 
ecological risk assessments, nature and extent of contamination 
at the site, general site conditions. 
Treatment requirements, waste management considerations, 
relative ease or difficulty to achieve the operation and 
maintenance requirements. 
Engineering judgment, costs of other options being evaluated. 

Define the Study 
Boundaries 

The screening evaluation will generally focus upon the 
effectiveness criterion, with less emphasis on implementability 
and relative cost. 
Technologies passing the initial screening process are those 
that are expected to achieve the RAOs for the site, either alone 
or in combination with other technologies. 
The process of identifying and screening potential alternatives 
will be ongoing throughout the RI, as new technological 
and/or site-specific data emerge. 

Develop a Decision 
Rule 

IF a remedial alternative passes the initial screening process, THEN it 
will be presented to the USACE and EPA, incorporated into the 
Feasibility Study Report, and subjected to a detailed evaluation. 

Specify limits on 
Decision Errors 

How to determine whether a remedial alternative passes or fails the 
initial screening process is outlined in the Interim Final Guidance for 
Conducting Remedial Investigations and Feasibility Studies Under CERCLA 
(EPA 1988). 

Optimize the Design 
for Obtaining Data 

Once existing and new data collected during the remedial 
investigation (RI) are evaluated, preliminary RAOs either will be 
refined and developed or eliminated.  Based on the established RAOs 
and the results of the risk assessment, the general response actions will 
be established and remedial technologies will be identified and 
screened in accordance with the Interim Final Guidance for Conducting 
Remedial Investigations and Feasibility Studies Under CERCLA (EPA 
1988).  Based on the results of the initial screening process, a range of 
both standard and innovative remedial alternatives will be compiled. 
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Table 2g Data Quality Objectives 
Remedial Investigation/Feasibility Study Work Plan 

Raritan Bay Slag Superfund Site 
Old Bridge/Sayreville, New Jersey 

 
Step RI/FS Objective #7 Conduct detailed analysis of appropriate remedial 

alternatives for sources of contamination and associated contaminated 
areas. 

State the Problem Remedial alternatives passing the initial remedial alternatives 
screening process will need to be subjected to a detailed evaluation in 
order to determine the most appropriate and effective remedy for the 
site. Nine criteria, detailed below, will be applied in the evaluation of 
each remedial alternative.  

Identify the Decision Overall Protection of Human Health and the Environment - 
Do alternatives meets the requirement that it is protective of 
human health and the environment? 
Compliance with ARARs - How do alternatives comply with 
applicable or relevant and appropriate federal and state 
requirements? 
Long-Term Effectiveness – How extensive and effective are 
the controls that may be required to manage the risk posed by 
treatment residuals and/or untreated wastes? 
Reduction of Toxicity, Mobility, or Volume – Which remedial 
action(s) employs treatment technologies that permanently and 
significantly reduce toxicity, mobility, or volume of the 
contaminants?  
Short-Term Effectiveness – What are the potential effects of 
the alternative during construction and implementation of the 
remedial actions?  
 Implementability – How feasible is it to implement each 
alternative? What activities will be required to implement the 
remedial action?  
Cost – What are the estimated capital costs, annual operation 
and maintenance costs, and present worth analysis, within +50 
to -30 percent?  
State Acceptance – What technical and administrative issues 
and concerns might the state have regarding each alternative 
Community Acceptance – What public concerns need to be 
incorporated into the evaluation of the remedial alternatives?  

Identify Inputs to the 
Decision 

ARARs. 
Magnitude of remaining risk (measured by numerical 
standards such as cancer risk levels), adequacy, suitability, and 
long-term reliability of management controls to provide 
continued protection from residuals (i.e., assessment of 
potential failure of the technical components). 
Treatment process employed, amount of hazardous material 
destroyed or treated, the degree of reduction expected in 
toxicity, mobility, or volume, and the type and quantity of 
treatment residuals. 
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Table 2g Data Quality Objectives 
Remedial Investigation/Feasibility Study Work Plan 

Raritan Bay Slag Superfund Site 
Old Bridge/Sayreville, New Jersey 

 
Step RI/FS Objective #7 Conduct detailed analysis of appropriate remedial 

alternatives for sources of contamination and associated contaminated 
areas. 

Effects on community and onsite workers during the remedial 
action, environmental impacts resulting from implementation, 
and amount of time until protection is achieved 
Technical feasibility - construction and operational difficulties, 
reliability, ease of undertaking additional remedial action, and 
the ability to monitor its effectiveness.  Administrative 
feasibility - activities needed to coordinate with local and state 
agencies to obtain permits or approvals to implement remedial 
actions. 
Capital costs - direct (construction) and indirect (non-
construction and overhead) costs.  Direct costs - expenditures 
for the equipment, labor, and material necessary to perform 
remedial actions.  Indirect costs - expenditures for engineering, 
financial and other services that are not part of actual 
installation activities but are required to complete the 
installation of remedial alternatives.  Annual operation and 
maintenance costs - post-construction costs necessary to ensure 
the continued effectiveness of a remedial action.   
State Acceptance  
Community Acceptance  

Define the Study 
Boundaries 

Each remedial alternative will be subject to detailed analysis 
according to the nine evaluation criteria.   
Ultimately, a comparative analysis of all alternatives will be 
performed to evaluate the relative benefits and drawbacks of 
each alternative according to the nine criteria. 

Develop a Decision 
Rule 

IF a remedial alternative passes the detailed evaluation, THEN it will 
be presented in the Feasibility Study Report as a potential remedial 
alternative to be considered for implementation at the site. 

Specify limits on 
Decision Errors 

How to determine whether a remedial alternative passes or fails the 
detailed evaluation is outlined in the following: 

Interim Final Guidance for Conducting Remedial Investigations and 
Feasibility Studies Under CERCLA (EPA 1988).   
National Contingency Plan 

Optimize the Design 
for Obtaining Data 

Procedures for conducting the detailed evaluation are provided 
in Interim Final Guidance for Conducting Remedial Investigations 
and Feasibility Studies Under CERCLA and the NCP.  
Recommendations for remedial alternatives will be made in 
consultation with USACE and EPA. 
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Appendix A 

Field Forms 
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  ANSETS Data Requirement 

Date:   Sampling Start Date: 
Sampling End Date: 

    
Project Numbers
Project  
Number:

Regional Account 
Number: 

DAS 
Number: 

Assoc.  
CLP Case No:  

Site Information 
Site Name:  City: State:
CERCLIS ID: Operable Unit: Action: Funding Lead: 

EPA/Superfund
Responsible EPA  
Project Individual:

Sampling Organization:

Analytical Services Information 
If field analytical services are used during this project write “field 
analysis” in the Laboratory Name Column.   If fixed laboratory is used 
write the name of the laboratory in the Laboratory Name Column.  Please 
specify in this box all field analytical techniques used. 

COST:

Laboratory Name (include 
location if multiple lab locations) 

No.
Samples Matrix Analysis

Requested 
Turnaround (Days) 

     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     

Completed by: Organization: CDM    

R2-0003555



Please use this FedEx airbill to return all coolers sent to your laboratory(ies) under 
this case number.  It should be sent FedEx Express Saver (Third Business day) and 
addressed:

CDM Federal Warehouse 
115 Newfield Ave. 
 Edison, NJ 08837 
Attn: Equipment Return 

Thanks,

CDM Federal Programs Corporation 

Please use this FedEx airbill to return all coolers sent to your laboratory(ies) under 
this case number.  It should be sent FedEx Express Saver (Third Business day) and 
addressed:

CDM Federal Warehouse 
115 Newfield Ave. 
 Edison, NJ 08837 
Attn: Equipment Return 

Thanks,

CDM Federal Programs Corporation
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REV 5/01

DAILY SIGN-IN SHEET 
RARITAN BAY SLAG SITE 

Date Print Name Signature Affiliation Time
On-Site

Time
Off-Site
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REV 5/01

DAILY STATUS REPORT 

RARITAN BAY SLAG SITE 

DATE: WEATHER:

Personnel Onsite:

Samples Collected (List locations):

Borings Completed (Include total footage drilled for each boring):

Number of Drums Generated (Names):

Miscellaneous (Equipment needs, health and safety issues, visitors onsite, etc.):   

SIGNATURE:   DATE:   
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RARITAN BAY SLAG SITE 
FIELD CHANGE NOTIFICATION (FCN) FORM 

USACE Contract No.:  W912DQ-08-D-0018 

REQUEST NO:                              DATE:                                       
 
FCR TITLE:                                                                                     
 
DESCRIPTION:                                                                                  

                                                                                                         

                                                                                                    

                                                                                    

REASON FOR DEVIATION:                                                                            

                                                                                                     

                                                                                                   

                                                                                                               

RECOMMENDED MODIFICATION:                                                              

                                                                                                          

                                                                                                    

                                                                                                               

IMPACT ON PROJECT OBJECTIVES:                                                              

                                                                                                        

                                                                                                      

                                                                                  

 
Dated Signatures:                                              

Field Team Leader (FTL) 
   
                                                

     CDM Task Order Manager (TOM) 
Distribution:  
EPA Remedial Project Manager    USACE PM 
RI Task Leader     Regional Quality Assurance Coordinator 
Field Team      Project File 
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REV 5/01 

PHOTOLOG 

              SITE NAME:  RARITAN BAY SLAG SITE     
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FERROUS IRON 
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IRON, FERROUS (0 to 3.00 mgiL) 
Method 8146 

For water, wastewater, and seawater 

1,10 Phenanthroline Method* (Powder Pillows or AccuVac Ampuls) 
Using Powder Pillows 

1. Enter the stored 
program number for 
Ferrous iron (Fe2+)

powder pillows. 

Press: PRGM 

The display will show: 

PRGM ? 

Note: Analyze samples as 
soon as possible to prevent 
oxidation of ferrous iron to 
ferric iron, which is not 
determined. 

2. Press: ·33 ENTER 

The display will show 
mg!L, Fe and the 
ZERO icon. 

5. Press: ZERO 6. Fill another sample 
The cursor will move to cell with 25 mL 
the right, then the of sample. 
display will show: 

0.00 mg!L Fe 

3. Fill a sample cell 
with 25 mL of sample 
(the blank). 

p 

~ . -

4. Place the blank into 
the cell holder. Tightly 
cover the sample cell 
with the instrument cap. 

7. Add the contents of 8. Press: 

TIMER ENTER 

A three-minute reaction 
period will begin. 

one Ferrous Iron 
Reagent Powder Pillow 
to the sample cell (the 
prepared sample). Cap 
and invert to mix. Note: An orange color will 

form if ferrous iron is 
Note: Undissolved powder present. 
doesnotaJrectaccuracy. 

* Adapted from Standard Methods for the Examination of Water and Wastewater. 
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. IRON, FERROUS, continued 

9. Place the prepared 
sample into the cell 
holder. Tightly cover the 
sample cell with the 
instrument cap. 

10. Press: READ 

The cursor will move to 
the right, then the result 
in mg/L ferrous iron will 
be displayed. 

Note: Standard Adjust may 
be peiformed using a 
prepared standard (see 
Section 1). 

Using AccuVac Ampuls 

1. Enter the stored 
program number for 
ferrous iron (Fe2+) 
Accu Vac ampuls. 

Press: PRGM 

The display will show: 

PRGM ? 

Note: Analyze samples as 
soon as possible to prevent 
air oxidation of ferrous iron 
to ferric, which is not 
determined. 

2. Press: 33 ENTER 

The display will show 
mg!L, Fe and the 
ZERO icon. 

3. Fill a sample cell 
with at least 10 mL of 
sample (the blank). 
Collect at least 40 mL of 
sample in a 50-mL 
beaker. 

240 

4. Place the blank into 
the cell holder. Tightly 
cover the sample cell 
with the instrument cap. 
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IRON, FERROUS, continued 

5. Press: ZERO 

The cursor will move to 
the right, then the 
display will show: 

0.00 mg/L Fe 

9. Place the AccuVac 
ampul into the cell 
holder. Tightly cover the 
sample cell with the 
instrument cap. 

@lf·:::-
·-·. 
">-

6. Fill a Ferrous 
Iron AccuVac Ampul 
with sample. 

Note: Keep the tip 
immersed while the ampul 
fills completely. 

10. Press: READ 

The cursor will move to 
the right, then the result 
in mg/L ferrous iron will 
be displayed. 

Note: Standard Aqjust may 
be performed using a 
prepared standard (see 
Standard Adjust in 
Section 1). 

7. Quickly invert the 
ampul several times to 
mix. Wipe off any liquid 
or fingerprints. 

Note: Undissolved powder 
does not affect accuracy. 
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8. Press: 

TIMER ENTER 

A three-minute reaction 
period will begin. 

Note: An orange color 
will form if ferrous iron 
is present. 
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IRON, FERROUS, continued 

Sampling and Storage 

Accuracy Check 

Method Performance 

Summary of Method 

Ferrous iron must be analyzed immediately and cannot be stored. 
Analyze samples as soon as possible to prevent oxidation of 
ferrous iron to ferric iron, which is not measured. 

Standard Solution Method 
Prepare a ferrous iron stock solution (1 00 mg/L Fe2+) by 
dissolving 0.7022 grams of ferrous ammonium sulfate, 
hexahydrate, in deionized water. Dilute to 1 liter. Prepare 
immediately before use. Dilute 1.00 mL of this solution to 100 
mL with deionized water to make a 1.00 mg/L standard solution. 
Prepare immediately before use. 

Run the test using the 1.00 mg/L Fe2+ Standard Solution by 
following either the powder pillow or AccuVac procedure. 
Results should be betw~en 0.90 mg/L and 1.10 mg/L FeZ+. 

Precision 
In a single laboratory using an iron standard solution of 2.00 mg/L 
Fe2+ and two representative lots of powder pillow reagents with 
the instrument, a single operator obtained a standard deviation of 
±0.017 mg/L Fe2+. 

In a single laboratory using a standard solution of2.00 mg/L Fe2+ 

and two representative lots of AccuVac ampuls with the 
instrument, a single operator obtained a standard deviation of 
±0.009 mg/L Fe2+. 

Estimated Detection Limit 
The estimated detection limit for program 33 (powder pillows and 
AccuVac Ampuls) is 0.03 mg/L Fe. For more information on the 
estimated detection limit, see Section 1. 

The 1,1 0-phenanthroline indicator in Fenous Iron Reagent reacts 
with fenous iron in the sample to form an orange color in 
proportion to the iron concentration. Ferric iron does not react. 
The ferric iron (Fe3+) concentration can be determined by 
subtracting the ferrous iron concentration from the results of a 
total iron test. 
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IRON, FERROUS, continued 

REQUIRED REAGENTS & APPARATUS (USING POWDER PILLOWS) 
Quantity Required 

Description Per Test Units Cat. No. 
Ferrous Iron Reagent Powder Pillows ..................... 1 pillow ................ 1 00/pkg ............ 103 7-69 
Sample Cell, 10-20-25 mL, w/ cap ............................... 2 ................. ~ ....... 6/pkg .......... 24019-06 

REQUIRED REAGENTS & APPARATUS (USING ACCUVAC AMPULS) 
Ferrous Iron Reagent Accu Vac Ampuls .................. 1 ampul.. ................ 25/pkg .......... 25140-25 
Beaker, 50 mL ............................................................... 1 ........................... each ........... 500-41 H 

OPTIONAL REAGENTS 
Ferrous Ammonium Sulfate, hexahydrate, ACS ....................................... 113 g ......... 11256-14 
Water, deionized ................................ ........................................................... 4 L .............. 272-56 

OPTIONAL APPARATUS 
AccuVac Snapper Kit .................................................................................. each .......... 24052-00 
Balance, analytical, 115 V, 0.1 mg .............................................................. each ...... .... 28014-01 
Balance, analytical, 230 V, 0.1 mg .............................................................. each .......... 28014-02 
Clippers, for opening powder pillows ......................................................... each .............. 968-00 
Flask, volumetric, 100 mL, Class A ............................................................ each ......... .14574-42 
Flask, volumetric, 1000 mL, Class A ........................................... ............... each .......... 14574-53 
Pipet, volumetric, Class A, 1.00 mL ........................................................... each .......... 14515-35 
Pipet Filler, safety bulb ................................................................................ each .......... 14651-00 
Weighing Boat, 67/46 mm, 8.9 em square ............................................ 500/pkg .......... 21790-00 

For Technical Assistance, Price and Ordering 
In the U.S.A.-Call 800-227-4224 
Outside the U.S.A.-Contact the Hach office or distributor serving you. 
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1.0  Objective 
The purpose o� this standard operating procedure �SOP� is to de�ine re�uire�ents �or collection and contain�ent o� 
sur�ace �ater sa�ples�  

2.0  Background 
Sur�ace �ater sa�ples are collected to deter�ine the t�pe�s� and le�el�s� o� conta�ination in a particular sur�ace �ater 
�od� and�or its �iological disposition� 

2.1  Definitions 
Surface Water � � ater that �lo�s o�er or rests on the land and is open to the at�osphere� This includes ditches� 
strea�s� ri�ers� la�es� pools� ponds� and �asins� 

Shallow Surface Water � � ater �ithin � to ��� �eet ���� to � �eter� o� the sur�ace o� a �od� o� �ater� 

Deep Surface Water � � ater deeper than ��� �eet �� �eter� o� the sur�ace o� a �od� o� �ater� 

Grab Sample � A discrete portion or ali�uot ta�en �ro� a speci�ic location at a gi�en point in ti�e� 

Simple Composite � T�o or �ore su�sa�ples ta�en �ro� a speci�ic �edia and site at a speci�ic point in ti�e� The 
su�sa�ples are collected and �ixed� and then a single a�erage sa�ple is ta�en �ro� the �ixture� 

Temporal Composite � T�o or �ore su�sa�ples ta�en �ro� a speci�ic �edia and site o�er a period o� ti�e� The 
su�sa�ples are collected and �ixed� and then a single a�erage sa�ple is ta�en �ro� the �ixture� 

Churn Splitter � �arge �essel �or co�positing su�sa�ples� �ncludes a �echanis� to agitate the �ater to �eep solids 
suspended� 

2.2  Associated Procedures 
P CDM �ederal SOP ���� Sample Custody
P CDM �ederal SOP ���� Packaging and Shipping Environmental Samples
P CDM �ederal SOP ���� Field Logbook Content and Control 
P CDM �ederal SOP ���� Photographic Documentation of Field Activities
P CDM �ederal SOP ���� Field Equipment Decontamination at Nonradioactive Sites

3.0  General Responsibilities 
Site Manager � The site �anager is responsi�le �or ensuring that �ield personnel are trained in the use o� this SOP� 
related SOPs� and the re�uired e�uip�ent� 

Field Team Leader � The �ield tea� leader ��T�� is responsi�le �or ensuring that sa�pling e��orts are conducted in 
accordance �ith this procedure and an� other SOPs pertaining to speci�ic �edia sa�pling� The �T� also �ust ensure 
that the �uantit� and location o� sur�ace �ater sa�ples collected �eet the re�uire�ents o� the site�speci�ic plans� 
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Note� �esponsi�ilities �a� �ar� �ro� site to site� There�ore� all �ield tea� �e��er responsi�ilities shall �e de�ined in the 
�ield plan or site��ualit� assurance pro�ect plan ��APP��  

4.0  Required Equipment 
All or part o� the e�uip�ent listed under the �as needed� categor� �a� �e re�uired at an� speci�ic site� depending on the 
plan�s� �or that site� 

P Site�speci�ic plans P Personal protecti�e clothing and e�uip�ent 
P �ield log�oo� P �atex or appropriate glo�es 
P �ndeli�le �lac��in� pens and �ar�ers P �u��er �oots and�or ru��eri�ed �aders 
P �a�els and appropriate �or�s�docu�entation �or sa�ple 

ship�ent
P �i�e �ac�et 
P �i��ipe or paper to�els 

P Appropriate sa�ple containers P Clean plastic sheeting 
P �nsulated cooler and �aterproo� sealing tape P Tap and deioni�ed �ater 
P �ce �ags or ��lue ice� P Appropriate photographic e�uip�ent and supplies 
P Plastic �ip�top �ags P Appropriate deconta�ination e�uip�ent and supplies 
P Clear �aterproo� tape 

As needed� 
P Pond sa�pler �ith ��liter ��� �ea�er �pre�era�l� Te�lon��� cla�p� and hea���dut� telescoping pole 
P � eighted �ottle sa�pler� ��� capacit� �pre�era�l� Te�lon� and handle� see �S�S Open �ile �eport ��������� �or 

selection o� sa�pler� a �e��erer or �an Dorn sa�pler �a� �e used i� Te�lon is not re�uired 
P Churn splitter 
P Peristaltic pu�p or suita�le replace�ent 
P Te�perature� p�� and conducti�it� �eter�s�� dissol�ed ox�gen �eter� redox potential �eter �as re�uired �� pro�ect plan� 
P Boat �ith depth �inder �or deep �ater or inaccessi�le shorelines  
P �lo�al positioning s�ste� ��PS� unit 
P Tape �easure 
P An� personal protecti�e e�uip�ent speci�ied in the site�speci�ic health and sa�et� plan 
P Spare parts �or all e�uip�ent 

5.0  Procedures
5.1  Preparation 
The �ollo�ing steps should �e ta�en �hen preparing �or sa�pling sur�ace �ater� 

�� �e�ie� site�speci�ic health and sa�et� plan and pro�ect plans �e�ore initiating sa�pling acti�it�� 

�� Don the appropriate personal protecti�e clothing as dictated �� the site�speci�ic health and sa�et� plan� 

�� Select �adea�le strea��ri�er sa�pling locations that exhi�it cross�sectional ho�ogeneit� and are �ell��ixed� A�oid 
areas �here the channel is constricted or �ends �here scouring �a� ha�e occurred� �or la�e sa�ples� the 
in�estigator should consider the la�e strati�ication caused �� seasonal te�perature di��erences� �� possi�le� select a 
location that can �e descri�ed precisel�� such as xx �eet upstrea� o� xx �ridge� �se caution �hen �ading strea�s 
�ore than � to � �eet deep� �lo�ing �ater can �e a sa�et� ha�ard� 

�� Prepare sa�pling site �� la�ing out clean plastic sheeting on the ground or an� �lat� le�el sur�aces near the sa�pling 
area and place e�uip�ent to �e used on the plastic� 

�� Ma�e �ield �easure�ents as re�uired �� the pro�ect plans in ph�sical� che�ical� and �iological characteristics o� the 
�ater �e�g�� discharge� gage height� te�perature� dissol�ed ox�gen� conducti�it�� p��� 
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�� The sa�ples shall �e collected �ro� areas o� least to greatest conta�ination ��hen �no�n� and� �hen collecting 
se�eral sa�ples in � da�� al�a�s collect �ro� do�nstrea� to upstrea�� 

�� The sa�pler should �e �acing upstrea� �hen sa�pling� �oth �or proper sa�ple collection and �or sa�et� �a�ilit� to 
o�ser�e �loating o��ects�� 

�� Docu�ent the sa�pling e�ents� recording all in�or�ation in the designated �ield log�oo� and ta�e photographs i� 
re�uired or i� possi�le� Docu�ent an� and all de�iations �ro� this SOP and include rationale �or changes� 

�� The collection points shall �e located on a site �ap and descri�ed in the �ield log�oo�� �se �PS i� re�uired or i� 
possi�le� 

����a�el each sa�ple container �ith the appropriate in�or�ation� Secure the la�el �� co�ering it �ith a piece o� 
�aterproo� clear tape� 

���Deconta�inate reusa�le sa�pling e�uip�ent a�ter sa�ple collection according to CDM �ederal SOP � �� 

���Processes �or �eri��ing depth o� sa�ples �ust �e included in site�speci�ic pro�ect plans� 

��� Chec� that a trip �lan��te�perature �lan�� �hen necessar�� is included in the chilled cooler� �ualit� assurance��ualit� 
control sa�ple re�uire�ents �ar� �ro� pro�ect to pro�ect� Consult the pro�ect�speci�ic �or� plan �or �ualit� re�uire�ents� 

5.2  Shallow Surface Water Sample Collection for Wadeable Streams 
5.2.1  Method for Collecting Samples for Volatile Organic Compound Analysis 
All �olatile organic co�pound ��OC� sa�ples should �e discrete sa�ples� The �ollo�ing steps �ust �e ta�en �hen 
collecting shallo� sur�ace �ater �OC sa�ples� 

�� the �olatile organic anal�sis ��OA� �ials do not re�uire a preser�ati�e� 

�� Approach the sa�ple location �ro� do�nstrea�� do not enter the sa�ple area� Slo�l� su��erge �OA �ials 
co�pletel� into an area o� gentl� �lo�ing �ater and �ill� Do not distur� �otto� sedi�ents� The open end o� the �ials 
should �e pointed upstrea�  

Note� � hen collecting sa�ples �or �OC anal�sis� a�oid collecting �ro� a sur�ace �ater point �here �ater is cascading 
and aerating� 

�� Cap the �OA �ial �hile it is under�ater� Be sure to dislodge all air �u��les �ro� the cap �e�ore sealing the �ial� 

�� Turn the capped �ial upside do�n and chec� �or air �u��les� Tap the �otto� o� the �ials to dislodge an� �u��les that 
�a� ha�e �or�ed around the cap or sides� Discard and resa�ple i� �u��les are present� 

�� Proceed to Step � �elo�� 

�� the �OA �ials re�uire a preser�ati�e� 

�� Collect a su��icient sa�ple in a clean glass �ar as in Steps � and � a�o�e �or unpreser�ed �ials� Speci�ic sa�pling 
de�ices to �e used �ust �e speci�ied in site�speci�ic plans� 

�� Decant the sa�ple i��ediatel� into prepreser�ed �OA �ials� �t is reco��ended that the a�ount o� preser�ati�e �e 
predeter�ined on a separate ali�uot o� sa�ple that is su�se�uentl� discarded� Tip �ials slightl� �hile �illing to reduce 
tur�ulence until nearl� �illed� Then straighten �ial to �ertical �or �inal �illing� �nsure that a �eniscus is raised a�o�e the 
lip o� the �ial �e�ore capping� 
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�� Cap each �ial once the �eniscus has �or�ed� 

�� Turn the capped �ial upside do�n and chec� �or air �u��les� Tap the �otto� o� the �ials to dislodge an� �u��les that 
�a� ha�e �or�ed around the cap or sides� Discard and resa�ple i� �u��les are present� 

�� � ipe the outside o� sa�ple �ials �ith a �i��ipe or clean paper to�el� A��ix a co�pleted sa�ple la�el� 

�� Place sa�ple �ial�s� in a �ip�top plastic �ag and seal the �ag� 

�� ���ediatel� pac� all sa�ples into a chilled cooler�  

5.2.2  Method for Collecting Discrete Shallow Surface Water Samples for Nonvolatile Organic or 
Inorganic Compound Analysis 

The �ollo�ing steps �ust �e �ollo�ed �hen collecting discrete shallo� sur�ace �ater sa�ples �or non�olatile organic or 
inorganic co�pound anal�sis� 

�� Directl� dip the sa�ple container� �ith the opening �acing upstrea�� into the sur�ace �ater and �ill� �� �ading is 
necessar�� approach the sa�ple location �ro� do�nstrea�� do not enter the actual sa�ple area� Do not distur� 
underl�ing sedi�ents� 

�� �ilter sa�ples i� re�uired �� the site�speci�ic plan� 

�� Add appropriate preser�ati�es to the sa�ple containers i� re�uired and chec� p�� 

Note� �se a separate container �hen �ield testing p�� conducti�it�� te�perature� etc� Do not insert p� paper or pro�e 
directl� into sa�ple container� 

�� Cap the sa�ple containers and �ipe the outer sur�aces o� the sa�ple containers clean �ith a �i��ipe or clean paper 
to�el� A��ix a co�pleted sa�ple la�el� 

�� Place sa�ple container�s� in indi�idual �ip�top plastic �ags� i� possi�le� and seal the �ags�  

�� ���ediatel� pac� all sa�ples into a chilled cooler� 

5.2.3  Method for Collecting Simple Composite Shallow Surface Water Samples for Nonvolatile 
Organic or Inorganic Compound Analysis 

�� the �APP re�uires the use o� si�ple co�posite sa�ples� then a sa�pler capa�le o� collecting co�posite sa�ples is 
re�uired� �or �idth and depth integrated �� D�� co�posite sa�ples� a D���� or D���� are reco��ended� �ut the �APP 
�a� speci�� an alternati�e� The �ollo�ing steps �ust �e �ollo�ed �hen collecting si�ple co�posite shallo� sur�ace �ater 
sa�ples �or non�olatile organic or inorganic co�pound anal�sis� 

�� �ecord the gage height� i� an�� �e�ore and a�ter sa�pling� 

�� Select the nu��er o� �idth incre�ents �ased on the re�uire�ents o� the �APP� �enerall�� s�all �ell �ixed strea�s 
re�uire �e� incre�ents �hile large or poorl� �ixed strea�s re�uire �ore incre�ents� 

�� �or �e�er than six �idth incre�ents� su�sa�ple locations can �e �isuall� esti�ated� �or �ore than �i�e �idth 
incre�ents� string a tape �easure across the strea� a�o�e the �ater sur�ace to �e a�le to accuratel� identi�� the 
su�sa�ple locations� �ncre�ents should �e e�enl� spaced across the strea� �or e�ual �idth�integrated ��� �� sa�pling� 
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�� �� depth�integrated sa�pling is re�uired� collect a su�sa�ple at each �idth incre�ent �� su��erging the sa�pler� 
ori�ice �acing upstrea�� �ro� the sur�ace to near the �otto� and �ac� up to the sur�ace again in an e�en stead� 
�otion� Do not distur� the sedi�ent at the �otto�� The sa�pler should �e retrie�ed less than �ull� �� the sa�pler is �ull� 
e�pt� it and repeat the su�sa�ple collection� 

�� �� depth�integrated sa�pling is not re�uired� su��erge the sa�pler �ith the ori�ice �acing upstrea� into the sur�ace 
�ater and �ill�

�� ��pt� the sa�pler into a churn splitter or te�porar� container �or later splitting� 

�� �epeat Steps � to � �or each �idth incre�ent� 

�� �� te�porar� containers �ere used� e�pt� into churn splitter� Operate the churn splitter �� �o�ing the churn up and 
do�n in a stead� �otion �ast enough to ho�ogeni�e the sa�ple �ithout causing aeration� � hile the churn is in 
�otion� �ill the sa�ple �ottles �ro� the tap on the churn� 

�� �ollo� Steps � though � in Section ������ 

5.2.4  Method for Collecting Temporal Composite Shallow Surface Water Samples for Nonvolatile 
Organic or Inorganic Compound Analysis 

�� the �APP re�uires the use o� te�poral co�posite sa�ples� this can �e acco�plished using a series o� discrete 
sa�ples collected �� hand or an auto�ated sa�pler� or using a series o� si�ple co�posite sa�ples� �e�er to the 
preceding sections �or collecting the su�sa�ples� The co�positing sche�e can �e ti�e��ased �e�g�� once per hour �or � 
hours� or ti�e�discharge �or ti�e gage height� �ased �e�g�� once per hour until the gage height exceeds xx �eet� then 
change to once per �� �inutes��  

Because o� the pro�ect�speci�ic nature o� te�poral co�posite sa�pling� the speci�ic re�uire�ents should �e identi�ied in 
the �APP� The �ollo�ing are general steps to �e �ollo�ed to collect te�poral co�posite sa�ples� 

�� Pro�ide �or a �ethod o� �easuring discharge or gage height �e�ore� during� and a�ter sa�ple collection as re�uired in 
the �APP� 

�� Select the nu��er o� ti�e incre�ents �ased on the re�uire�ents o� the �APP� �� the ti�e incre�ents change �ased 
on a change in �lo� or �ater �ualit�� speci�� the trigger� the ne� ti�e incre�ent� and an� additional trigger to return to 
the pre�ious incre�ent� 

�� Calculate the storage �olu�e �or the su�sa�ples and pro�ide a churn splitter o� ade�uate si�e to contain the entire 
sa�ple to �e co�posited� 

�� Collect the sa�ples according to a �ethod descri�ed in this SOP or alternate speci�ied in the �APP� 

�� Pro�ide �or cold storage o� su�sa�ples� i� possi�le� Do not process an� su�sa�ples �� �iltering or preser�ing unless 
speci�ied in the �APP� 

�� �ollo�ing collection o� all su�sa�ples� e�pt� the containers into a churn splitter� �� discrete data are re�uired 
including la�orator� or �ield anal�sis� retain a portion o� the su�sa�ple� 

�� Operate the churn splitter �� �o�ing the churn up and do�n in a stead� �otion �ast enough to ho�ogeni�e the 
sa�ple �ithout causing aeration� � hile the churn is in �otion� �ill the sa�ple �ottles �ro� the tap on the churn� 

�� �ollo� Steps � though � in Section ������ 
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�� �ield para�eters should �e �easured in the sur�ace �ater at the ti�e o� collection� So�e �ield para�eters can �e 
�easured on the su�sa�ples at the ti�e o� co�positing� �ut the te�perature and te�perature�dependant para�eters 
�ill not �e representati�e� 

5.3  Deep Surface Water Sample Collection 
5.3.1  Method for Collecting Samples at Specified Depth Using a Weighted Bottle Sampler 
The �ollo�ing steps �ust �e �ollo�ed �hen collecting sur�ace �ater sa�ples at speci�ic depths using a �eighted �ottle 
sa�pler�

�� �o�er the �eighted �ottle sa�pler to the depth speci�ied in the site�speci�ic plan� 

�� �e�o�e the stopper �� pulling on the sa�pler line� allo� the sa�pler to �ill �ith �ater� 

�� �elease the sa�pler line to reseat the stopper and retrie�e the sa�pler to the sur�ace� 

�� � ipe the �eighted �ottle sa�pler dr� �ith a �i��ipe or clean paper to�el� 

�� �e�o�e the stopper slo�l�� �ill the speci�ied nu��er o� sa�ple containers �� slightl� tipping the sa�pler against each 
sa�ple �ottle� Sa�ples to �e used �or �OC anal�sis should �e decanted directl� �ro� the sa�pler �irst into prepreser�ed 
�OA �ials� �t is reco��ended that the a�ount o� preser�ati�e �e predeter�ined on a separate ali�uot o� sa�ple that is 
su�se�uentl� discarded� Add appropriate preser�ati�es to the other sa�ple containers and chec� p�� Sa�ples �a� �e 
pooled in stainless steel� glass� or Te�lon containers to o�tain the necessar� �olu�es� �ilter sa�ples i� re�uired� Collect 
sa�ple in separate container �or p�� conducti�it�� te�perature� and other �easure�ents i� necessar�� 

�� Close each sa�ple container �ith the Te�lon�lined cap once it is �illed� Chec� �or air �u��les in the �OC sa�ple 
containers� �� �u��les are present� discard and resa�ple� 

�� � ipe the outside o� the sa�ple containers clean �ith a �i��ipe or clean paper to�el� A��ix a co�pleted sa�ple la�el� 

�� Place sa�ple container�s�� i� possi�le� in indi�idual �ip�top plastic �ags� and seal the �ags� 

�� ���ediatel� pac� all sa�ples into a chilled cooler� 

5.3.2  Method for Deep Surface Water Sample Collection Using a Peristaltic Pump 
The �ollo�ing steps �ust �e �ollo�ed �hen collecting deep sur�ace �ater sa�ples using a peristaltic pu�p� 

�� �nstall clean �edical�grade silicon or Te�lon tu�ing on the pu�p head� �ea�e su��icient tu�ing on the discharge side 
�or con�enient dispensing o� li�uid directl� into sa�ple containers� 

�� Select the appropriate length o� Te�lon inta�e tu�ing necessar� to reach the speci�ied sa�pling depth� Attach the 
inta�e sa�pling tu�e to the inta�e pu�p tu�e� 

�� �o�er the inta�e tu�e into the sur�ace �ater at the speci�ied sa�pling location to the speci�ied depth� �a�e sure the 
end o� the inta�e tu�e does not touch underl�ing sedi�ents� 

�� Start the pu�p and allo� at least three tu�ing �olu�es o� li�uid to �lo� through and rinse the s�ste� �e�ore collecting 
an� sa�ples� Do not i��ediatel� dispense the purged li�uid �ac� to the sur�ace �ater �od�� �nstead� collect the 
purged li�uid and return it to the source a�ter sa�ple collection is co�plete� 

�� �ill the speci�ied nu��er o� sa�ple containers directl� �ro� the discharge line� �ilter sa�ples i� re�uired �� the site�
speci�ic plan� � hile �illing� allo� the li�uid to �lo� gentl� do�n the inside o� the sa�ple �ottle to �ini�i�e tur�ulence� 
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 �or �OC sa�ples� �ill prepreser�ed �OA �ials and allo� a �eniscus to �or� a�o�e the top o� the container �e�ore 
capping� �t is reco��ended that the a�ount o� preser�ati�e �e predeter�ined on a separate ali�uot o� sa�ple that is 
su�se�uentl� discarded� Chec� �OA �ials to ensure that there are no air �u��les� Add appropriate preser�ati�es to 
the other sa�ples and chec� p�� 

Note� �se a separate container �hen �ield�testing p�� conducti�it�� te�perature� etc� Do not insert p� paper or pro�e 
directl� into sa�ple container� 

�� Cap the sa�ple container�s�� � ipe the outside o� sa�ple containers clean �ith a �i��ipe or clean paper to�el� A��ix 
a co�pleted sa�ple la�el� 

�� Place sa�ple container�s� in indi�idual �ip�top plastic �ags and seal the �ags� 

�� ���ediatel� pac� all sa�ples into a chilled cooler� 

�� Drain the pu�p s�ste�� rinse it �ith deioni�ed �ater� and �ipe it dr�� �eplace all tu�ing �ith ne� tu�ing �e�ore 
sa�pling at another sa�pling location� Place all used tu�ing in plastic �ags to �e discarded or deconta�inated 
according to the site�speci�ic plans� 

6.0  Restrictions/Limitations 
Peristaltic pu�ps are generall� not capa�le o� li�ting �ater distances greater than �� to �� �eet �� to ��� �eters� a�o�e 
the nor�al h�drostatic le�el� 

�ra� sa�pling �or �OC anal�sis or �or anal�sis o� an� other co�pound�s� that �a� �e degraded �� aeration is necessar� 
to �ini�i�e sa�ple distur�ance and� hence� anal�te loss� The representati�eness o� this sa�ple� ho�e�er� is di��icult to 
deter�ine �ecause the collected sa�ple represents a single point and has �een distur�ed� 

7.0  References 
�� S� Depart�ent o� �nerg�� �a�ardous � aste �e�edial Actions Progra�� Quality Control Requirements for Field 
Methods, DO���� P������� �ul� ���� or current re�ision� 

����������� �a�ardous � aste �e�edial Actions Progra�� Standard Operating Procedures for Site Characterizations�
DO���� P�������� Septe��er ���� or current re�ision� 

�� S� �n�iron�ental Protection Agenc�� �egion �� CERCLA Quality Assurance Manual� March ���� or current re�ision� 

����������� �egion �� Environmental Investigations, Standard Operating Procedures and Quality Assurance Manual�
Ma� ���� or current re�ision� 

�� S� �eological Sur�e�� National Field Manual for the Collection of Water-Quality Data�Chapter A4� Septe��er ����� 

����������� A guide to the Proper Selection and �se o� �ederall� Appro�ed Sedi�ent and � ater �ualit� Sa�plers� 
Open��ile �eport ���������� ����� 
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1.0  Objective 
Because o� the e�identiar� nature o� sa�ples collected during en�iron�ental in�estigations� possession �ust �e 
tracea�le �ro� the ti�e the sa�ples are collected until their deri�ed data are introduced as e�idence in legal proceedings� 
To �aintain and docu�ent sa�ple possession� sa�ple custod� procedures are �ollo�ed� All paper�or� associated �ith 
the sa�ple custod� procedures �ill �e retained in CDM �ederal Progra�s Corporation �CDM� �iles unless the client 
re�uests that it �e trans�erred to the� �or use in legal proceedings or at the co�pletion o� the contract� 

Note� Sa�ple custod� docu�entation re�uire�ents �ar� �ith the speci�ic �PA region or client� This SOP is intended to 
present �asic sa�ple custod� re�uire�ents� along �ith co��on options� Speci�ic sa�ple custod� re�uire�ents shall �e 
presented in the pro�ect�speci�ic �ualit� assurance ��A� pro�ect plan or pro�ect�speci�ic �odi�ication or clari�ication �or� 
�see Section �����  

2.0  Background 
2.1  Definitions 
Sample � A sa�ple is �aterial to �e anal��ed that is contained in single or �ultiple containers representing a uni�ue 
sa�ple identi�ication nu��er� 

Sample Custody � A sa�ple is under custod� i�� ��  �t is in �our possession 
��  �t is in �our �ie�� a�ter �eing in �our possession 
��  �t �as in �our possession and �ou loc�ed it up 
��  �t is in a designated secure area 

Chain-of-Custody Record � A chain�o��custod� record is a �or� used to docu�ent the trans�er o� custod� o� sa�ples 
�ro� one indi�idual to another� 

Custody Seal � A custod� seal is a tape�li�e seal that is part o� the chain�o��custod� process and is used to detect 
ta�pering �ith sa�ples a�ter the� ha�e �een pac�ed �or shipping� 

Sample Label � A sa�ple la�el is an adhesi�e la�el placed on sa�ple containers to designate a sa�ple identi�ication 
nu��er and other sa�pling in�or�ation� 

Sample Tag � A sa�ple tag is attached �ith string to a sa�ple container to designate a sa�ple identi�ication nu��er and 
other sa�pling in�or�ation� Tags �a� �e used �hen it is di��icult to ph�sicall� place adhesi�e la�els on the container 
�e�g�� in the case o� s�all air sa�pling tu�es�� 

3.0 General Responsibilities
Sampler � The sa�pler is personall� responsi�le �or the care and custod� o� the sa�ples collected until the� are properl� 
trans�erred or dispatched� 

Field Team Leader � The �ield tea� leader ��T�� is responsi�le �or ensuring that strict chain�o��custod� procedures are 
�aintained during all sa�pling e�ents� The �T� is also responsi�le �or coordinating �ith the su�contractor la�orator� to  
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ensure that ade�uate in�or�ation is recorded on custod� records� The �T� deter�ines �hether proper custod� 
procedures �ere �ollo�ed during the �ield�or�� 

Field Sample Custodian � The �ield sa�ple custodian� �hen designated �� the �T�� is responsi�le �or accepting custod� 
o� sa�ples �ro� the sa�pler�s� and properl� pac�ing and shipping the sa�ples to the la�orator� assigned to do the 
anal�ses� A �ield sa�ple custodian is t�picall� designated onl� �or large and co�plex �ield e��orts� 

Note� �esponsi�ilities �a� �ar� �ro� site to site� There�ore� all �ield tea� �e��er responsi�ilities shall �e de�ined in the 
�ield plan or site��ualit� assurance pro�ect plan ��APP��  

4.0  Required Supplies 
P Chain�o��custod� records �applica�le client or CDM �or�s� P Custod� seals 
P Sa�ple la�els and�or tags P Clear tape 
P �PA �ield Operations �ecords Manage�ent S�ste� �� �ite�  

��O�MS �� �ite� � so�t�are �i� re�uired� 
P Co�puter 
P Printer

P Printer paper 

5.0  Procedures 
5.1  Chain-of-Custody Record 
This procedure esta�lishes a �ethod �or �aintaining custod� o� sa�ples through use o� a chain�o��custod� record� This 
procedure �ill �e �ollo�ed �or all sa�ples collected or split sa�ples accepted� 

Field Custody 
�� Collect onl� the nu��er o� sa�ples needed to represent the �edia �eing sa�pled� To the extent possi�le� deter�ine 

the �uantit� and t�pes o� sa�ples and sa�ple locations �e�ore the actual �ield�or�� As �e� people as possi�le shall 
handle sa�ples� 

�� Co�plete sa�ple la�els or tags �or each sa�ple using �aterproo� in�� 

�� Maintain personal custod� o� the sa�ples �in �our possession� at all ti�es until custod� is trans�erred �or sa�ple 
ship�ent or directl� to the anal�tical la�orator�� 

Transfer of Custody and Shipment 
�� Co�plete a chain�o��custod� record �or all sa�ples �see �igure � �or an exa�ple o� a chain�o��custod� record� Si�ilar 

�or�s �a� �e used �hen re�uested �� the client�� � hen trans�erring the possession o� sa�ples� the indi�iduals 
relin�uishing and recei�ing �ill sign� date� and note the ti�e on the record� This record docu�ents sa�ple custod� 
trans�er �ro� the sa�pler� o�ten through another person� to the sa�ple custodian in the appropriate la�orator�� 

P The date�ti�e �ill �e the sa�e �or �oth signatures �hen custod� is trans�erred directl� to another person� � hen 
sa�ples are shipped �ia co��on carrier �e�g�� �ederal �xpress�� the date�ti�e �ill not �e the sa�e �or �oth 
signatures� Co��on carriers are not re�uired to sign the chain�o��custod� record� 

P �n all cases� it �ust �e readil� apparent that the person �ho recei�ed custod� is the sa�e person �ho 
relin�uished custod� to the next custodian�  

P �� sa�ples are le�t unattended or a person re�uses to sign� this �ust �e docu�ented and explained on the chain�
o��custod� record�

Note� �� a �ield sa�ple custodian has �een designated� he�she �a� initiate the chain�o��custod� record� sign� and date as 
the relin�uisher� The indi�idual sa�pler�s� �ust sign in the appropriate �loc�� �ut does �do� not need to sign and date as 
a relin�uisher �re�er to �igure ��� 
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�� Pac�age sa�ples properl� �or ship�ent and dispatch to the appropriate la�orator� �or anal�sis� �ach ship�ent �ust 
�e acco�panied �� a separate chain�o��custod� record� �� a ship�ent consists o� �ultiple coolers� a chain�o��custod� 
record shall �e �illed out �or each cooler docu�enting onl� sa�ples contained in that particular cooler� 

�� The original record �ill acco�pan� the ship�ent� and the copies �ill �e retained �� the �T� and� i� applica�le� 
distri�uted to the appropriate sa�ple coordinators� �reight �ills �ill also �e retained �� the �T� as part o� the 
per�anent docu�entation� The shipping nu��er �ro� the �reight �ill shall �e recorded on the applica�le chain�o��
custod� record and �ield log�oo� in accordance �ith TSOP ���� Field Logbook Content and Control.

Procedure for Completing CDM Example Chain-of-Custody Record  
The following procedure is to be used to fill out the CDM chain-of-custody record. The record provided herein (Figure 1) is 
an example chain-of-custody record. If another type of custody record (i.e., provided by the EPA Contract Laboratory 
Program (CLP) or a subcontract laboratory or generated by FORMS II Lite™) is used to track the custody of samples, the 
custody record shall be filled out in its entirety. 

1. Record project number.  
2. Record FTL for the project (if a field sample custodian has been designated, also record this name in the “Remarks” box). 
3. Record the name and address of the laboratory to which samples are being shipped. 
4. Enter the project name/location or code number. 
5. Record overnight courier’s airbill number. 
6. Record sample location number. 
7. Record sample number.  
8. Note preservatives added to the sample. 
9. Note media type (matrix) of the sample. 
10. Note sample type (grab or composite). 
11. Enter date of sample collection. 
12. Enter time of sample collection in military time. 
13. When required by the client, enter the names or initials of the samplers next to the sample location number of the 

sample they collected. 
14. List parameters for analysis and the number of containers submitted for each analysis. 
15. Enter appropriate designation for laboratory quality control (e.g., matrix spike/matrix spike duplicate [MS/MSD], matrix 

spike/duplicate [MS/D]), or other remarks (e.g., sample depth). 
16. Sign the chain-of-custody record(s) in the space provided. All samplers must sign each record. 
17. If sample tags are used, record the sample tag number in the “Remarks” column. 
18. The originator checks information entered in Items 1 through 16 and then signs the top left “Relinquished by” box, 

prints his/her name, and enters the current date and time (military). 
19. Send the top two copies (usually white and yellow) with the samples to the laboratory; retain the third copy (usually 

pink) for the project files. Retain additional copies for the project file or distribute as required to the appropriate 
sample coordinators. 

20. The laboratory sample custodian receiving the sample shipment checks the sample label information against the 
chain-of-custody record. Sample condition is checked and anything unusual is noted under “Remarks” on the chain-
of-custody record. The laboratory custodian receiving custody signs in the adjacent “Received by” box and keeps the 
copy. The white copy is returned to CDM. 

5.2  Sample Labels and Tags 
Unless the client directs otherwise, sample labels or tags will be used for all samples collected or accepted for CDM projects.

1. Complete one label or tag with the information required by the client for each sample container collected. A typical 
label or tag would be completed as follows (see Figure 2 for example of sample tag; labels are completed with the 
equivalent information):  

P Record the project code (i.e., project or task number). 
P Enter the station number (sample number or EPA CLP identification number) if applicable. 
P Record the date to indicate the month, day, and year of sample collection. 
P Enter the time (military) of sample collection. 
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P Place a check to indicate composite or grab sample. 
P Record the station (sample) location. 
P Sign in the space provided. 
P Place a check next to “yes” or “no” to indicate if a preservative was added. 
P Place a check under “Analyses” next to the parameters for which the sample is to be analy�ed. If the desired 

analysis is not listed, write it in the empty slot. Note: Do not write in the box for “laboratory sample number.” 
P Place or write additional relevant information under “Remarks.” 

2. Place adhesive labels directly on the sample containers. Place clear tape over the label to protect from moisture. 

3. Securely attach sample tags to the sample bottle. On 2.27 liter (80 o�.) amber bottles, the tag string may be looped 
through the ring-style handle and tied. On all other containers, it is recommended that the string be looped around the 
neck of the bottle, then twisted, and relooped around the neck until the slack in the string is removed. 

4. Double-check that the information recorded on the sample tag is consistent with the information recorded on the 
chain-of-custody record. 

5.3  Custody Seals 
Two custody seals must be placed on opposite corners of all shipping containers (e.g., cooler) before shipment. The 
seals shall be signed and dated by the shipper. 

Custody seals may also be required to be placed on individual sample bottles. Check with the client or refer to EPA 
regional guidelines for direction. 

5.4  Sample Shipping 
CDM Federal SOP 2-1, �a�kaging and ��i��ing �n�iron�ental �a��le� defines the requirements for packaging and 
shipping environmental samples. 

6.0  Restrictions/Limitations 
Check with the EPA region or client for specific guidelines. If no specific guidelines are identified, this procedure shall be 
followed.

For EPA CLP sampling events, combined chain-of-custody/traffic report forms generated with EPA FORMS II Lite™ or 
other EPA-specific records may be used. Refer to regional guidelines for completing these forms. 

The EPA FORMS II Lite™ software may be used to customi�e sample labels and custody records when directed by the 
client or the CDM project manager. 

7.0  References 
U. S. Army Corps of Engineers. 2001. �e��ire�ent� �or t�e �re�aration o� �a��ling and �nal��i� �lan, EM 200-1-3. 
Appendix F. February. 

U. S. Environmental Protection Agency. Revised March 1992. �ational �n�or�e�ent �n�e�tigation� Center� ��lti��edia 
�n�e�tigation �an�al, EPA-330/9-89-003-R. p.85. 

����������. Region I�. 1996. �n�iron�ental �n�e�tigation� �tandard ��erating �ro�ed�re� and ��alit� ����ran�e 
�an�al. Section 3.3. May. 

����������. 2002. F���� �� Lite�  ��er�� ��ide� �er�ion ���.

����������. 2002. ��� ��idan�e �or ��alit� ����ran�e �ro�e�t �lan�, EPA �A/�-5, EPA/240/R-02/009. Section 2.2.3. 
December. 

����������. 2004. Contra�t Laborator� �rogra� �CL��� ��idan�e �or Field �a��ler�� EPA-540-R-00-003. Final. Section 
3.2. August. 
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Figure 1 
Example CDM Chain-of-Custody Record 

 
 

 
 
Note: If requested by the client, different chain-of-custody records may be used. Copies of the template for this record may 

be obtained from the Chantilly �raphics Department. 
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Figure 2 
Example Sample Tag 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     Note: Equivalent sample labels or tags may be used. 
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1.0  Objective 
The purpose of this standard operating procedure (SOP) is to define the techniques and requirements for the collection of 
surface soil samples.  

2.0  Background 
The techniques and protocols described herein may be used to collect other surface media, including sediment and sludge. 

2.1  Definitions 
Grab Sample - A discrete portion or aliquot taken from a specific location at a given point in time. 

Spoon/Scoop - A small stainless steel or Teflon� utensil approximately 15 cm (6 inches) in length with a stem-like handle. 

Surface Soil - Soils generally defined as the soils extending from ground surface to approximately 30 centimeters (cm) (1 
foot) below ground surface (bgs). Surface soil samples are frequently collected from 0 to 15 cm (0 to 6 inches) bgs. 
Depending on application, the soil interval to be sampled will vary. 

Trowel - A small stainless steel or Teflon shovel approximately 15 to 20 cm (6 to 8 inches) in length with a slight 
(approximately 140�) curve across the length. The trowel has a stem-like handle (for hand operation). Samples are 
collected with a spooning action. 

2.2  Associated Procedures 
P CDM Federal SOP 1-2, �a��le C��tod�
P CDM Federal SOP 2-1, �a�kaging and ��i��ing �n�iron�ental �a��le�
P CDM Federal SOP 4-1, Field Logbook Content and Control 
P CDM Federal SOP 4-5, Field ���i��ent �e�onta�ination at �onradioa�ti�e �ite�

2.3  Discussion 
Surface soil samples are collected to determine the type(s) and level(s) of contamination and are often important to risk 
assessment. These samples may be collected as part of an investigative plan, site-specific sampling plan, and/or as a 
screen for “hot spots,” which may require more extensive sampling. 

Sediment(s) and sludge(s) that have been exposed by evaporation, stream rerouting, or any other means are collected by 
the same methods as those for surface soil(s). Typically the top 1 to 2 cm of material are carefully removed before 
collection of the sample. If a thick, matted root �one is encountered at or near the surface, it shall be removed before 
collecting the sample. 

Surface soil, exposed sediment, or sludge is collected using stainless steel and/or Teflon-lined trowels or scoops. 
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3.0  General Responsibilities 
Site Manager - The site manager is responsible for ensuring that sampling efforts are conducted in accordance with this 
procedure and any other SOPs pertaining to specific media sampling. The site manager must also ensure that the quantity 
and location of surface soil samples collected meet the requirements of the site-specific plans. 

Field Team Leader - The field team leader is responsible for ensuring that field personnel collect surface soil samples in 
accordance with this procedure and other relevant procedures. 

Note: Responsibilities may vary from site to site. Therefore, all field team member responsibilities shall be defined in the 
field plan or site/quality assurance project plan (�APP).  

4.0  Required Equipment 
P Insulated cooler and clear waterproof sealing tape P Plastic sheeting 
P Ice bags or “blue ice” P Project plans (work plan/health and safety plan)
P Latex or appropriate gloves P Appropriate sample containers 
P Plastic �ip-top bags P Field logbook 
P Personal protective clothing and equipment P Indelible black ink pen and/or marker 
P Stainless steel and/or Teflon-lined spatulas and pans, trays, or bowls P Sample chain-of-custody forms 
P Stainless steel and/or Teflon-lined trowels or spoons (or equipment 

as specified in the site-specific plans) 
P Custody seals 
P Decontamination supplies 

Additional equipment is discussed in Section 5.2.2, �OC Field Sampling/Preservation Methods. 

5.0  Procedures 
5.1  Preparation 
The following steps must be followed when preparing for sample collection: 

1. Review site-specific health and safety plan and project plans before initiating sampling activity. 

2. Don the appropriate personal protective clothing as dictated by the site-specific health and safety plan. 

3. Locate sampling location(s) in accordance with project documents (e.g., work plan) and document pertinent 
information in the appropriate field logbook. When possible, reference locations back to existing site features such as 
buildings, roads, intersections, etc. 

4. Processes for verifying depth of sampling must be specified in the site-specific plans. 

5. Place clean plastic sheeting on a flat, level surface near the sampling area, if possible, and place equipment to be 
used on the plastic; place the insulated cooler(s) on separate plastic sheeting. 

6. A clean, decontaminated trowel, scoop, or spoon will be used for each sample collected. Other equipment may be 
used (e.g., shovels) if constructed of stainless steel. 

5.2  Collection  
The following general steps must be followed when collecting surface soil samples: 

1. Wear clean gloves during handling of all sample containers and sampling devices. 

2. Surface soil samples are normally collected from the least contaminated to the most contaminated areas, if known. 

2  
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3. Document the sampling events, recording the information in the designated field logbook. Document any and all 
deviations from SOPs in the field logbook and include rationale for changes. See CDM Federal SOP 4-1. 

4. Carefully remove stones, vegetation, snow, etc. from the ground surface in the immediate vicinity of the sampling location.

5. First collect required sample aliquot for volatile analyses, as well as any other samples that would be degraded by 
aeration. Follow with collection of samples for other analyses. 

6. Decontaminate sampling equipment between sample locations. See CDM Federal SOP 4-5. 

5.2.1  Method for Collecting Samples for Volatile Organic Compound Analysis 
The requirements for collecting grab samples of surface soil for volatile organic compounds (�OCs) or other samples 
degraded by aeration are as follows: 

1. �OC samples shall be collected with the least disturbance possible. 

2. �OC samples shall be collected as grab samples; however, the method of collection will vary from site to site, based on 
data quality objectives and the degree of known or suspected contamination. 

3. Complete sample label by filling in the appropriate information and securing the label to the container. Cover the sample 
label with a piece of clear tape. 

4. Use a clean stainless steel or Teflon-lined trowel or spoon (or tube) to collect sufficient material in one grab to fill the
sample containers. 

5. With the aid of a clean stainless steel spatula, quickly fill the sample containers directly from the sampling device, 
removing stones, twigs, grass, etc., from the sample. Fill the containers as full and compact as possible to minimi�e 
headspace.

6. Immediately secure the Teflon-lined cap(s) on the sample container(s). 

7. Wipe the containers with a clean �imwipe or paper towel to remove any residual soil from the exterior of the container. 

8. Place the containers in individual �ip-top plastic bag(s) and seal the bag(s). 

9. Pack all samples as required. Include properly completed documentation and affix signed and dated custody seals to the 
cooler lid. See CDM Federal SOPs 1-2 and 2-1. 

Note: A trip blank shall be included with sample coolers containing �OC samples. �C sample requirements vary from project 
to project. Consult the project-specific work plan for requirements. 

5.2.2  VOC Field Sampling/Preservation Methods 
The following four sections contain SW-846 test methods for sampling and field preservation. These methods include 
EnCore™ Sampler Method for low-level analyses, EnCore Sampler Method for high-level analyses, acid preservation for low-
level analyses, and methanol preservation for high-level analyses. These methods are very detailed and contain equipment 
requirements at the beginning of each section. 

When collecting soil samples using the EnCore Sampler Method, collection of soil for moisture content analysis is required. 
Results of this analysis are used to adjust “wet” concentration results to “dry” concentrations to meet analytical method 
requirements.

Note: Some variations from these methods (e.g., sample volume) may be required depending on the contracted analytical 
laboratory.
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5.2.2.1  EnCore Sampling Equipment and Collection for Low Level Analyses (<200 μg/kg) 
The following equipment is required for low-level analysis: 

P Three 5-gram (g) samplers 

Note: The sample volume requirements are general requirements. Actual sample volumes, si�es, and quantities may vary 
depending on client or laboratory requirements. 

P One 110-milliliter (mL) (4-ounce) wide-mouth glass jar or applicable container for moisture analysis 
P One T-handle 
P Paper towels 

The requirements for collecting low level analysis (�200 �g/kg) by the EnCore Sampler Method are as follows: 
1. Wear clean gloves during handling of all sample containers and sampling devices. 

2. Remove sampler and cap from package and attach T-handle to sampler body. 
    
3. �uickly push the sampler into a freshly exposed surface of soil until the O-ring is visible within the hole on the side of 

the T-handle. If the O-ring is not visible within this window, then the sampler is not full. 

4. Extract the sampler and wipe the sampler head with a paper towel so that the cap can be tightly attached. 

5. Push cap on with a twisting motion to secure to the sampler body. 

6. Rotate the sampler stem counterclockwise until stem locks in place to retain sample within the sampler body. 

7. Fill out sample label and attach to sampler. 

8. Repeat procedure for the remaining two samplers. 

9. Collect moisture sample in 110-mL (4-ounce) wide-mouth jar using a clean stainless steel spoon or trowel. 

10. Store samples at 4� Celsius (C), ( 2�C). Samples must be shipped and delivered to the analytical laboratory for 
extraction within 48 hours. 

Note: �erify requirements for extraction/holding times. 

5.2.2.2 Acid Preservation Equipment and Sampling Requirements for Low Level Analyses (<200 μg/kg) 
Note: Determine specific field acid preservation procedure based on the requirements specified in the analytical method to 
be employed. �ariations between analytical methods exist with respect to field acid preservation. 

The following equipment and supplies are required if field acid preservation is required: 
P One 40-mL �OA vial with acid preservation (for field testing of soil p�) 
P Two preweighed 40-mL �OA vials with acid preservative and stir bar (for lab analysis) 
P Two preweighed 40-mL �OA vials with water and stir bar (in case samples cannot be pre-preserved) 
P One preweighed jar that contains methanol or a preweighed empty jar accompanied with a preweighed vial that 

contains methanol (for screening sample and/or high level analysis) 
P One 110-mL (4-o�) wide-mouth glass jar or applicable container for moisture analysis 
P One 55-mL (2-o�) jar with acid preservative (if additional acid is needed because of high soil p�) 
P One appropriately si�ed scoop capable of delivering 1 g of solid sodium bisulfate 
P p� paper 
P Weighing scale capable of reading to 0.01 g 
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P Set of balance weights used in daily balance calibration 
P �loves for working with preweighed sample vials 
P Paper towels 
P Sodium bisulfate acid solution (Na�S04)
P A cutoff plastic syringe or other coring device capable of collecting sufficient sample volume (5 g) 

Testing Effervescing Capacity of Soils 
Soils must be tested with acid to determine the amount of effervescing that will occur when preserved with acid. 
Effervescing will drive off �OCs as well as create a high pressure in a sealed vial that could result in the explosion of the 
sample container. The following steps provide information on the effervescing capacity of the soil. 

1. Wear clean gloves during handling of all sample containers and sampling devices. 

2. Place approximately 5 g of soil into a vial that contains acid preservative and no stir bar. 

3. Do not cap this vial as it may E�PLODE upon interaction with the soil. 

4. Observe the sample for gas formation (due to carbonates in the soil). 

5. If vigorous or sustained gas emissions are observed, then acid preservation is not acceptable to preserve the sample. 
- In this case the samples need to be collected in the �OA vials with only water and a stir bar. The vials with acid 

preservative CANNOT be used. 

6. If a small amount or no gas formation occurs, then acid preservation is acceptable to preserve the sample. �eep this 
testing vial for use in the buffering test detailed below. 
- In this case the samples need to be collected in the �OA vials with the acid preservative and a stir bar. 

Testing Buffering Capacity of Soils 
The soils must be tested to determine the quantity of acid that is required to achieve a p� reading of 2 standard units 
(SUs). The following steps will assist in determining this quantity.  

1. If acid preservation is acceptable for sampling soils, then the sample vial that was used to test the effervescing 
capacity of the soils can be used to test the buffering capacity. 

2. Wear clean gloves during handling of all sample containers and sampling devices. 

3. Cap the vial that contains 5 g of soil, acid preservative, and no stir bar from Step 1 in the effervescing test.  

4. Shake the vial gently to homogeni�e the contents. 

5. Open the vial and check the p� of the acid solution with p� paper. 
- If the p� paper reads below 2, then the sampling can be done in the two preweighed 40-mL �OA vials with the acid 

preservative and stir bar. Since the p� was below 2, it is not necessary to add additional acid to the vials. 
- If the p� paper reads above 2, then additional acid needs to be added to the sample vial. 

6. Use the jar with the solid sodium bisulfate acid and add another 1 g of acid to the sample. 

7. Cap the vial and shake thoroughly again. 

8. Repeat Step 4. 
- If the p� paper reads below 2, then the sampling can be done in the two preweighed 40-mL �OA vials with the acid 

preservative and stir bar and 1 g extra of acid. 
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- Make a note of the extra gram of acid needed so the same amount of acid can be added to the vials the lab will analy�e. 
- If the p� paper reads above 2, repeat Steps 5 through 7 until the sample p� 2 SUs. 

Now that the soil chemistry has been determined, the actual sampling can occur. The procedure stated below assumes the 
correct vials are used based on the guidance discussed. 

Sample Preservation Steps 
1. Wear clean gloves during all handling of preweighed vials. 

2. Add more acid if necessary (based on the buffering capacity testing discussed in the previous section). 

3. �uickly collect a 5-g sample using a cutoff plastic syringe or other coring device designed to deliver 5 g of soil from a 
freshly exposed surface of soil. 

4. Carefully wipe exterior of sample collection device with a clean paper towel. 

5. �uickly transfer the sample to the appropriate �OA vial, using caution when extruding the sample to prevent splashing 
of the acid within the vial. 

6. Remove any soil from the threads of the sample vial using a clean paper towel. 

7. Cap vial and weigh the jar to the nearest 0.01 g. 

8. Record exact weight on sample label. 

9. Repeat sampling procedure for the duplicate �OA vial. 

10. Weigh the vial containing methanol preservative to the nearest 0.01 g. If the weight of the vial with methanol varies by 
more than 0.01 g from the original weight recorded on the vial, discard the vial. If the weight is within tolerance, it can 
be used for soil preservation below.  

11. Take the empty jar or the jar that contains the methanol preservative and quickly collect a 5-g or 25-g sample using a 
cutoff plastic syringe or other coring device designed to deliver 5 g or 25 g of soil from a freshly exposed surface of 
soil. The 5-g or 25-g si�e is dependent on who is doing the sampling and requirements specified by the client or 
analytical laboratory. 

12. Carefully wipe the exterior of the collection device with a clean paper towel. 

13. �uickly transfer the soil to an empty jar or a jar that contains methanol. If extruding into a jar that contains methanol, 
be careful not to splash the methanol outside of the vial. 

14. If the jar used to collect the soil plug was empty before the soil was added, immediately preserve with the methanol 
provided, using only one vial of methanol preservative per sample jar. 

15. Remove any soil from the threads of the sample vial using a clean paper towel and cap the jar. 

16. Weigh the jar with sample to the nearest 0.01 g and record the weight on the sample label.  

17. Collect dry weight sample using a clean stainless steel spoon or trowel. 

18. Store samples at 4�C, 2�C. 

19. Ship sample containers to the analytical laboratory with plenty of ice and in accordance with Department of 
Transportation (DOT) regulations (CORROSI�E. FLAMMA�LE LI�UID. POISON). 
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5.2.2.3  EnCore Sampling Equipment and Sampling Requirements for High Level Analysis ( 200 μg/kg) 
The following equipment is required for high-level analysis: 

P One 5-g sampler or one 25-g sampler 

Note: The volume requirements specified are general requirements. Actual sample volumes, container si�es, and 
quantities may vary depending on client or laboratory requirements. 

P One 110-mL (4-o�) wide-mouth glass jar or applicable container specified for moisture analysis 
P One T-handle 
P Paper towels 

The requirements for collecting high level analysis by the EnCore Sampler Method are as follows: 
1. Wear clean gloves during handling of all sample containers and sampling devices. 

2. Remove sample and cap from package and attach T-handle to sampler body. 

3. �uickly push the sampler into freshly exposed surface of soil until the O-ring is visible within the hole/window on the 
side of the T-handle. If the O-ring is not visible within the window/hole, then the sampler is not full. 

4. Use a clean paper towel to quickly wipe the sampler head so that the cap can be tightly attached. 

5. Push cap on with a twisting motion to secure to the sampler body. 

6. Fill out sample label and attach to sampler. 

7. Rotate sampler stem counterclockwise until the stem locks in place to retain the sample within the sampler body. 

8. Collect moisture sample in 110-mL (4-o�) wide-mouth glass jar or designated container using a clean stainless steel 
spoon or trowel. 

9. Store samplers at 4�C, 2�C. Samples must be shipped and delivered to the analytical laboratory for extraction within 
48 hours. 

Note: �erify requirements for extraction/holding times. 

5.2.2.4  Methanol Preservation Equipment and Sampling Requirements for High Level Analyses ( 200 μg/kg) 
The following equipment is required for high-level analysis: 

P One preweighed jar that contains methanol or a 
preweighed empty jar accompanied with a preweighed  
vial that contains methanol (laboratory grade) 

P Set of balance weights used in daily balance calibration 
P Latex gloves 
P Paper towels 

P One dry weight cup 
P Weighing balance that accurately weighs to 0.01 g 

P Cutoff plastic syringe or other coring device to deliver 5 g 
or 25 g of soil 

The requirements for sampling and preservation are as follows: 
1. Wear clean gloves during all handling of preweighed vials. 

2. Weigh the vial containing methanol preservative to the nearest 0.01 g. If the weight of the vial with methanol varies by 
more than 0.01 g from the original weight recorded on the vial, discard the vial. If the weight is within tolerance, it can 
be used for soil preservation/collection below. 
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3. �uickly collect a 5-g or 25-g sample using a cutoff plastic syringe or other coring device designed to deliver 5 g or 25 g 
of soil from a freshly exposed surface of soil. 

4. Carefully wipe the exterior of the collection device with a clean paper towel. 

5. �uickly transfer the soil to an empty jar or a jar that contains methanol. If extruding into a jar that contains methanol, 
be careful not to splash the methanol outside of the vial. Again, the type of jar used is dependent on the client or 
laboratory requirements. 

6. If the jar used to collect the soil plug was empty before the soil was added, immediately preserve with the methanol 
provided, using only one vial of methanol preservative per sample jar. 

7. Remove any soil from the exterior of the vial using a clean paper towel and cap the sample jar. 

8. Weigh the jar with the soil in it to the nearest 0.01 g and record the weight on the sample label.  

9. Collect a dry weight sample using a clean stainless steel spoon or trowel. 

10. Store samples at 4�C, 2�C. 

11. Ship sample containers with plenty of ice to the analytical laboratory in accordance with DOT regulations 
(CORROSI�E. FLAMMA�LE LI�UID. POISON). 

5.2.3  Method for Collecting Samples for Nonvolatile Organic or Inorganic Compound Analysis 
The requirements for collecting samples of surface soil for nonvolatile organic or inorganic analyses are as follows: 

1. Wear clean gloves during handling of all sample containers and sampling devices. 

2. Label each sample container with the appropriate information. Secure the label by covering it with a piece of clear tape. 

3. Use a decontaminated stainless steel or Teflon-lined trowel or spoon to obtain sufficient sample from the required 
interval and subsampling points, if necessary, to fill the specified sample containers. 

4. Empty the contents of the sampling device directly into a clean stainless steel or Teflon-lined tray or bowl. 

5. �omogeni�e the sample by mixing with a spoon, spatula, or trowel. 

6. Use the spoon, spatula, or trowel to distribute the uniform mixture into the labeled sample containers. Fill organic 
sample containers first, then inorganics. 

7. Secure the appropriate cap on each container immediately after filling it. 

8. Wipe the sample containers with a clean �imwipe or paper towel to remove any residual soil. 

9. Place sample containers in individual �ip-top plastic bags and seal the bags. 

10. Pack all samples as required. Include properly completed documentation and affix custody seals to the cooler lid. 

11. Decontaminate sampling equipment according to CDM Federal SOP 4-5. 
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6.0  Restrictions/Limitations 
When grab sampling for �OC analysis or for analysis of any other compound(s) that may be degraded by aeration, it is 
necessary to minimi�e sample disturbance and, hence, analyte loss. The representativeness of this sample is difficult to 
determine because the collected sample represents a single point, is not homogeni�ed, and has been disturbed. 

7.0  References 
U. S. Department of Energy. 1996. �a�ardous Waste Remedial Actions Program. ��alit� Control �e��ire�ent� �or Field 
�et�od�, DOE/�WP-69/R2. September. 

����������. �a�ardous Waste Remedial Actions Program. �tandard ��erating �ro�ed�re� �or �ite C�ara�teri�ation�,
DOE/�WP-100/R1. September 1996 or current revision. 

U. S. Environmental Protection Agency. � Co��endi�� o� ���er��nd Field ��eration� �et�od�, EPA/540/P-87/001. 
December 1987 or current revision. 

����������. �e�t �et�od� �or ��al�ating �olid � a�te, Physical/Chemical Methods (SW-846). Third Edition, November 
1986, (as amended by Update III, �une 1997). Method 5035: Closed-System Purge-and-Trap and Extraction for �olatile 
Organics in Soil and Waste Samples. 

����������. Region 4. 2001. �n�iron�ental �n�e�tigation� �tandard ��erating �ro�ed�re� and ��alit� ����ran�e 
�an�al. November. 
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1.0  Objective 
The objective of this standard operating procedure (SOP) is to define the techniques and requirements for collecting soil 
samples from the unconsolidated �one. Techniques include use of hand augers, split-barrel samplers, Shelby tubes, 
direct-push rig samplers, and backhoes.  

2.0  Background 
2.1  Definitions
Auger Flight - A steel section length attached to the auger length to extend the augers and remove additional 
unconsolidated material as drilling depth increases. 

Backhoe - An excavator whose shovel bucket is attached to a hinged boom and is drawn backward to move earth. 

Direct Push Rig Sampler - A sampler with a locking tip that keeps the device closed during the sampling push. The tip is 
released at the desired depth, and the push is continued. During the push, the soil moves into the sampler. 

Grab Sample - A discrete portion or aliquot taken from a specific location at a given point in time.  

Hand Auger - A stainless steel cylinder (bucket) approximately 7 to 10 centimeters (cm) (3 to 4 inches) in diameter and 
30 cm (1 foot) in length, open at both ends with the bottom edge designed to twist into the unconsolidated material and 
obtain a soil core. The auger has a T-shaped handle (used for manual operation) attached to the top of the bucket by 
extendable stainless steel rods. 

Liner - A cylindrical sleeve generally made of brass, stainless steel, or Teflon� that is placed inside a split-barrel sampler, 
direct-push rig sampler, or hand auger bucket to collect samples for �OC analysis or prevent cross-contamination of the 
sample. 

Shelby Tube - A cylindrical sampling device, generally made of steel, that is driven into the subsurface soil through a 
hollow-stem auger using a drill rig. The tube, once retrieved, may be capped and the undisturbed soil sample extruded in 
the laboratory before analysis. 

Slide Hammer - A device consisting of a drive weight (hammer) and a drive weight fall guide. 

Split-Barrel Sampler - A cylindrical sampling device generally made of carbon steel that fits into a hollow-stem auger. 
The sampler is opened lengthwise, which allows the sample to be retrieved by “splitting” the barrel sampler. Also referred 
to as a split-spoon.  

Subsurface Soil - The unconsolidated material that exists deeper than approximately 30 cm (1 foot) below the ground 
surface. 

Unconsolidated Zone - A layer of nonlithified earth material (soil) that has no mineral cement or matrix binding its grains. 
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2.2  Associated Procedures 
P CDM Federal SOP 1-2, �a��le C��tod� 
P CDM Federal SOP 2-1, �a�kaging and ��i��ing �n�iron�ental �a��le�
P CDM Federal SOP 3-5, Lit�ologi� Logging
P CDM Federal SOP 4-1, Field Logbook Content and Control
P CDM Federal SOP 4-5, Field ���i��ent �e�onta�ination at �onradioa�ti�e �ite�

2.3  Discussion 
Shallow subsurface soil samples (to depths between 0.15 cm to 3 meters (m) [6 inches and 10 feet]) may be collected 
using hand augers. �owever, soil samples collected with a hand auger are commonly of poorer quality than those 
collected by split-barrel or Shelby tube samplers because the soil sample is disturbed in the augering process. Split- 
barrel and Shelby tube samplers are generally used during collection of soil samples using hollow-stem auger drill 
methods. �arrel-type samplers may also be used to collect soil samples from hand auger borings using a slide hammer 
device. Liners are used to minimi�e the loss of volatile organic compounds (�OCs) and to prevent cross-contamination 
from the sampler to the sample. The si�e and material of sampling devices shall be selected based on project and 
analytical objectives and defined in site-specific plans. Collecting samples using backhoes enables the collector to 
correlate the precise vertical and hori�ontal interval with adjacent materials (cross section). 

3.0  General Responsibilities 
Site Manager - The site manager is responsible for ensuring that field personnel are trained in the use of this procedure 
and the required equipment, and for ensuring that subsurface soil samples are collected in accordance with this 
procedure and any other SOPs pertaining to specific media sampling. The site manager must also ensure that the 
quantity and location of subsurface soil samples collected meet the requirements of the site-specific plans. 

Field Team Leader - The field team leader is responsible for ensuring that field personnel collect subsurface soil samples 
in accordance with this SOP and other relevant procedures. 

Note: Responsibilities may vary from site to site. Therefore, all field team member responsibilities shall be defined in the 
field plan or site-/project-specific quality assurance project plan (�APP).  

4.0  Required Equipment 
4.1  General 
P Site-specific plans P Latex or appropriate gloves 
P Field logbook P Plastic �ip-top bags 
P Indelible black ink pens and markers 
P Clear, waterproof tape 

P Personal protective clothing and equipment 
P Plastic sheeting 

P Labels and appropriate forms/documentation for 
sample shipment 

P Stainless steel and/or Teflon-lined spatulas and pans, 
trays, bowls, trowels, or spoons 

P Appropriate sample containers P Decontamination supplies 
P Insulated cooler(s) and waterproof sealing tape P Sample chain-of-custody forms 
P Ice bags or “blue ice” P Custody seals 

Additional equipment is discussed in Section 5.2.7, Field Sampling/Preservation Methods. 

4.2  Manual (Hand) Augering 
P T-handle P Extension rods 
P �and auger: flighted-, bucket-, or tube-type auger 

as required by the site-specific plans 
P Wrench(es), pliers 
P Slide hammer with extension rods 
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4.3  Split-Barrel and Shelby Tube Sampling 
P Drill rig equipped with a 63-kilogram (kg) (140-lb) drop hammer and sufficient hollow-stem auger flights to drill to the 

depths required by the site-specific plans. 
P Sufficient numbers of split-barrel samplers so that at least one is always decontaminated and available for sampling. 

Three split-barrel samplers are generally the minimum necessary (Shelby tubes are used only once). 
P Split-barrel liners (as appropriate). 
P Wrench(es), hammer. 

4.4  Direct Push Rig Sampling 
P Direct push rig with sufficient probe rods to extend to sample depths required by the site-specific plans 
P Sufficient number of samplers (in case of malfunction) and appropriate liners to collect adequate number of samples 
P Extension rods 
P Wrench(es), pliers, other specific tools 

4.5  Backhoe Sampling 
P �ackhoe with a sufficient length boom to extend to planned depths 
P Sufficient number of trowels or scoops 
P Extension rods 
P Tape, utility knife, other specific tools as needed 

5.0  Procedures 
5.1  Preparation 
1. Review site-specific health and safety plan and project plans before initiating sampling activity. 

2. Don the appropriate personal protective clothing as dictated by the site-specific health and safety plan. 

3. Locate sampling location(s) in accordance with project documents (e.g., work plan) and document pertinent 
information in the appropriate field logbook. When possible, reference locations back to existing site features such as 
buildings, roads, intersections, etc. 

4. Processes for verifying depth of sampling must be specified in the site-specific plans. 

5. Clear away vegetation and debris from the ground surface at the boring location. 

6. Prepare an area next to the sample collection location for laying out cuttings by placing plastic sheeting on the ground 
to cover the immediate area surrounding the borehole. 

7. Set up a decontamination line, if decontamination is required, in accordance with CDM Federal SOP 4-5. 

5.2  Collection 
The following general steps must be followed when collecting all subsurface soil samples: 

1. Wear clean gloves during handling of all sample containers and sampling devices. 

2. �OC samples or samples that may be degraded by aeration shall be collected first and with the least disturbance 
possible.

3. Sampling information shall be recorded in the field logbook and on any associated forms. Describe lithology, 
according to CDM Federal SOP 3-5, in the field logbook or on the lithologic log form. 

4. Specific sampling devices to be used shall be identified in the site-specific plans and recorded in the field logbook. 
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5. Care must be taken to prevent cross-contamination and misidentification of samples. 

6. Sample containers containing samples for �OC analysis shall be filled completely to minimi�e headspace. 

5.2.1  Manual (Hand) Augering 
The following steps must be followed when collecting hand-augered samples: 

1. Auger to the depth required for sampling. Place cuttings on plastic sheeting or as specified in the site-specific plans. If 
possible, lay out the cuttings in stratigraphic order. 

2. Throughout the augering, make detailed notes concerning the geologic features of the soil or sediments in the field 
logbook. 

3. Cease augering when the top of the specified sampling depth has been reached. If required, remove the auger from 
the hole and decontaminate the auger or use a separate decontaminated auger, then obtain the sample. 

4. Collect a grab sample for �OC analyses (or samples that may be degraded by aeration) immediately and place in 
sample container. Sample bottles shall be filled completely to minimi�e headspace. 

5. Remaining sample shall be homogeni�ed for other analyses before placing samples in the appropriate containers. 
Label containers as required. 

6. Wipe containers with a clean �imwipe or paper towel to remove residual soil from the exterior of the container(s). 

7. Label the sample container with the appropriate information. Secure the label by covering it with a piece of clear tape. 

8. Place the containers in �ip-top plastic bags and seal the bags. Pack samples in a cooler with ice. 

9. Proceed with further sampling, as required by the site-specific plans. 

10. When all sampling is complete, dispose of cuttings, plastic sheeting, etc., as specified in the site-specific plans. 

11. Complete the field logbook entry and other appropriate forms, being sure to record all relevant information before 
leaving the site. 

12. Properly package all samples for shipment and complete all necessary sample shipment documentation. Remand 
custody of samples to the appropriate personnel. See CDM Federal SOPs 1-2 and 2-1 or site-specific plans. 

5.2.2  Manual (Hand) Augering Using a Tube Sampler with Liner or Slide Hammer 
The following steps must be followed when collecting hand-augered samples using a tube sampler with liner or slide 
hammer:

1. Auger to the depth required for sampling. Place cuttings on the plastic sheeting as specified in the site-specific plans. 
If possible, lay out the cuttings in stratigraphic order. 

2. Throughout augering, make detailed notes in the field logbook concerning the geologic features of the soil or 
sediments. 

3. Cease augering when the top of the specified sampling depth has been reached. Remove the auger from the hole 
and decontaminate. 

4. Prepare a decontaminated tube sampler by installing a decontaminated liner in the auger tube. 
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5. Obtain the sample by driving the sample tube through the sample interval with the slide hammer. Remove the liner 
from the tube and immediately cover the ends with Teflon tape and cap the ends of the tube. Seal the caps with 
waterproof tape. 

6. Wipe sealed liners with a clean �imwipe or paper towel. 

7. Label the sealed liners as required in the site-specific plans. Mark the top and bottom of the sample on the outside of 
the liner. 

8. Place sealed liners in �ip-top plastic bags and seal the bags. Pack samples in a chilled cooler. 

9. Proceed with further sampling, as required by the site-specific plans. 

10. When sampling is complete, dispose of cuttings, plastic sheeting, etc., as specified in the site-specific plans. 

11. Decontaminate all equipment according to CDM Federal SOP 4-5 between each sample. 

12. Complete the field logbook entry and other forms, being sure to record all relevant information before leaving the site. 

13. Properly package all samples for shipment and complete all necessary sample shipment documentation. Remand 
custody of samples to the appropriate personnel. See CDM Federal SOPs 1-2 and 2-1 or site-specific plans. 

5.2.3  Split-Barrel Sampling 
Note: Steps 1 through 12 describe activities to be performed by a licensed drilling contractor, not CDM personnel. 

The following steps must be followed when collecting split-barrel samples: 
1. Remove any pavement and subbase material from an area of twice the bit diameter, if necessary. 

2. The drilling rig will be decontaminated at a separate location before drilling, per CDM Federal SOP 4-5 or the site-
specific decontamination procedures. 

3. Attach the hollow-stem auger with the cutting head, plug, and center rod(s) to the drill rig. 

4. �egin drilling and proceed to the first designated sample depth, adding auger flights as necessary. 

5. Upon reaching the designated sample depth, slightly raise the auger(s) to disengage the cutting head, and rotate the 
auger without advancement to clean cuttings from the bottom of the hole. 

6. Remove the plug and center rods, if applicable. 

7. If required by the site-specific sampling plan, install decontaminated liners in the split barrel sampler. 

8. Install a decontaminated split-barrel on the center rod(s) and insert it into the hollow-stem auger. Connect the 
hammer assembly and lightly tap the rods to seat the drive shoe at the top of undisturbed soil or sediment. 

9. Mark the center rod in 15-cm (6-inch) increments from the top of the auger(s). 

10. Drive the split-barrel using the hammer. Use a full 76-cm (30-inch) drop as specified by the American Society for 
Testing and Materials (ASTM) Method D-1586. Record the number of blows required to drive the sampler through 
each 15-cm (6-inch) increment. 

11. Cease driving when the full length of the spoon has been driven or upon refusal. Refusal occurs when little or no 
progress is made for 50 blows of the hammer. ASTM D1586-99 � 7.2.1 and 7.2.2 defines “refusal” as �50 blows per 
6-inch advance or a total of 100 blows. 
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12. Pull the sampler free by using upswings of the hammer to loosen the sampler. Pull out the center rod and sampler. 

13. Unscrew the sampler assembly from the center rod and place it on the plastic sheeting. 

14. Remove the drive shoe and head assembly. If necessary, tap the sampler assembly with a hammer to loosen 
threaded couplings. 

15. With the drive shoe and head assembly off, open (split) the sampler, being careful not to disturb the sample. 

16. Label sample containers with appropriate information. Secure the label, covering it with a piece of clear tape. If liners 
were used, immediately install Teflon tape over the ends of the liners, cap the liners, and seal the caps over the ends of 
the liner with waterproof tape. Label the samples as required by the site-specific plans. Mark the top and bottom of each 
sample on the outside of each liner. Indicate boring/well number and depth on the outside of the liner, as required. 

17. If �OC analyses are to be conducted on the soil sample and liners were not used, place that sample in its sample con-
tainer immediately after opening the split-barrel, filling the sample bottle completely. Seal the container immediately, then 
describe it in the field logbook and/or associated forms. Record the sample identification number, depth from which the 
sample was taken, and the analyses to be performed on the samples in the field logbook and on the appropriate forms. 

18. Remaining sample shall be homogeni�ed before placing samples in appropriate containers.  

19. Wipe containers with a clean �imwipe or paper towel. Label containers as required when liners are not used. 

20. Place containers and/or sealed liners in �ip-top plastic bags and seal the bags. Pack samples in a chilled cooler. 

21. In the field logbook and on the boring log, describe sample lithology by observing cuttings and/or the bottom end of 
the liner. 

22. Continue to advance the borehole to the next sampling point. Collect samples as outlined above. 

23. When sampling is complete, remove the drilling rig to the heavy equipment decontamination area. 

24. Dispose of cuttings, plastic sheeting, etc., as specified in the site-specific plans. �ackfill borehole as specified in 
project-specific plans. 

25. Decontaminate samplers and other small sampling equipment according to CDM Federal SOP 4-5 before proceeding 
to other sampling locations. 

26. Complete the field logbook entry and other forms, being sure to record all relevant information before leaving the site. 

27. Properly package all samples for shipment to laboratories and complete all necessary sample shipment documentation. 
Remand custody of the samples to appropriate personnel. See CDM Federal SOPs 1-2 and 2-1 or site-specific plans. 

5.2.4  Shelby Tube Sampling 
Note: Steps 1 through 11 describe activities to be performed by a licensed drilling contractor, not CDM personnel. ASTM 
D1586-99 provides more details pertaining to this sampling methodology. 

The following steps must be followed when collecting samples using the Shelby tube: 

1. Remove any pavement and subbase material from an area of twice the bit diameter, if necessary. 

2. The drilling rig will be decontaminated at a separate location before drilling. 
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3. Attach the hollow-stem auger with the cutting head, plug, and center rod(s). 

4. �egin drilling and proceed to the first designated sample depth, adding auger(s) as necessary. 

5. Upon reaching the designated sample depth, slightly raise the auger(s) to disengage the cutting head, and rotate the 
auger without advancement to clean cuttings from the bottom of the hole. 

6. Remove the plug and center rods, if applicable. 

7. Attach a head assembly to a decontaminated Shelby tube. Attach the Shelby tube assembly to the center rods. 

8. Lower the Shelby tube and center rods into the hollow-stem augers and seat it at the bottom. �e sure to leave 30 
inches or more of center rod above the lowest point to the hydraulic piston’s extension. 

9. Use the rig’s hydraulic drive to push the Shelby tube into undisturbed soil. The tube shall be pushed with a slow, 
steady force. Note the pressure used to push the Shelby tube in the field logbook. 

10. When the Shelby tube has been advanced to its full length or to refusal, back off the hydraulic pistons. Attach a 
hoisting plug to the upper end of the center rod, slightly twist to break off the sample, and pull the apparatus out of the 
hole with the rig winch. 

11. Retrieve the Shelby tube to the surface, detach it from the center rod, and remove the head assembly. 

12. Since the typical intent of Shelby tube sampling is for engineering purposes and an undisturbed sample is required, 
the tube ends shall be sealed immediately. Sealing is accomplished by filling any void space in the tube with melted 
beeswax, then placing caps on the ends of the tube and taping caps into place. The top and bottom ends of the tube 
shall be marked and the tube transported to the laboratory in an upright position. It is extremely important that the 
Shelby tube samples are not disturbed in any way (dropped, rolled, subjected to extreme temperatures, etc.).

13. Wipe sealed tubes with a clean �imwipe or paper towel.  

14. Indicate boring/well number and depth on outside of the tube. 

15. Place sealed tubes in �ip-top plastic bags, seal bags, and pack samples in a chilled cooler, if applicable. 

16. Continue to advance the borehole to the next sampling point. Collect samples as outlined above. 

17. When sampling is complete, remove the drilling rig to the heavy equipment decontamination area. 

18. Dispose of cuttings, plastic sheeting, etc., as specified in the site-specific plans. 

19. Complete the field logbook entry, being sure to record all relevant information before leaving the site. These methods 
may be used if directed by the EPA region, client, or governing sample plan. 

5.2.5  Direct Push Rig Sampling 
Note: Steps 1 through 11 describe activities to be performed by a licensed drilling contractor, not CDM personnel.

The following steps must be followed when collecting samples using a direct push rig sampler: 

1. �erify that the push rig has been decontaminated at a separate location before drilling. 

2. Attach the properly assembled sampler with appropriate liner to the end of the probe rod. 
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3. Attach drive cap and probe to the first designated sample depth, adding rod(s) as necessary. 

4. Upon reaching the designated sample depth, remove the drive cap to access the inside of the probe rods. 

5. Insert extension rods into probe rod; turn extension rod to release tip. 

6. Retrieve extension rods, replace drive cap, add additional push rod if required, and push probe rod to the planned 
sample interval. 

7. Attach pull cap and retrieve push rods and sampler. 

8. Remove the sampler from the probe rod, then remove the cutting shoe from the sampler. 

9. Once the cutting shoe is removed, the liner, containing the sample, can be removed from the sampler. The sample 
can now be handled per site-specific plans. 

10. When sample collection is complete, remove the push rig to the heavy equipment decontamination area. 

11. Dispose of excess sample cuttings, plastic sheeting, etc., as specified in the site-specific plans. 

12. Complete the field logbook entry, being sure to record all relevant information before leaving the site. These methods 
may be used if directed by the EPA region, client, or governing sample plan. 

5.2.6  Backhoe Sampling 
Note: Steps 1, 2, 7, and 8 describe activities to be performed by a licensed heavy equipment operator, not CDM personnel.  

The following steps must be followed when collecting samples using a backhoe: 

1. �erify that the backhoe has been decontaminated at a separate location before excavation. 

2. Excavate to the depth required. 

3. Use a stainless steel trowel or scoop. 

4. Attach the trowel to an electrical conduit, steel rod, or other similar devise. 

5. Remove the surface layer of soil “smeared” on the trench wall. 

6. Replace the trowel with a clean trowel and collect the sample. 

7. When sample collection is complete in the trench, backfill the trench with the excavated material, if allowed. 

8. Once the trench has been backfilled, move the backhoe to the heavy equipment decontamination area. 

9. Dispose of excess sample cuttings, plastic sheeting, etc., as specified in the site-specific plans. 

10. Complete the field logbook entry, being sure to record all relevant information before leaving the site. These methods 
may be used if directed by the EPA region, client, or governing sample plan. 

5.2.7  Field Sampling/Preservation Methods 
The following three sections contain SW 846 Methods for sampling and field preservation. These methods include 
EnCore™ Sampler Method for low-level detection limits, EnCore Sampler Method for high-level limits/screening, and  
methanol preservation. These methods may be used if required by the EPA Region, client, or governing sample plan. 
These methods are very detailed and contain equipment requirements at the beginning of each section. 
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When collecting soil samples using the EnCore Sampler Method, collection of soil for moisture content analysis is 
required. Results of this analysis are used to adjust “wet” concentration results to “dry” concentrations to meet analytical 
method requirements. 

Note: Some variations from these methods, (e.g., sample volume) may be required depending on the contracted 
analytical laboratory. 

5.2.7.1  EnCore Sampler Equipment and Collection Requirements for Low-Level Analyses (<200 μg/kg) 
The following equipment is required for low-level analysis: 

P Three 5 grams (g) samplers 

Note: The sample volume requirements specified are general requirements. Actual sample volume and/or container si�es 
may vary depending on client or laboratory requirements. 

P One 110-milliliter (mL) (4-ounce [o�.]) wide-mouth glass jar or applicable container for moisture analysis 
P One T-handle 
P Paper towels 

The requirements for collecting low level analysis by the EnCore Sampler Method are as follows: 

1. Wear clean gloves during handling of all sample containers and sampling devices. 

2. Remove sampler and cap from package and attach T-handle to sampler body. 

3. �uickly push the sampler into a freshly exposed surface of soil until the sampler is full. The O-ring will be visible 
within the hole on the side of the T-handle. If the O-ring is not visible within this window, then the sampler is not full. 

4. Extract sampler and wipe the sampler head with a paper towel so that the cap can be tightly attached. 

5. Push cap on with a twisting motion to secure to the sampler body. 

6. Rotate the sampler stem counterclockwise until stem locks in place to retain sample within the sampler body. 

7. Fill out sample label and attach to sampler. 

8. Repeat procedure for the remaining two samplers. 

9. Collect moisture sample in 110-mL (4-o�.) wide-mouth jar using a clean stainless steel spoon or trowel. 

10. Store samplers at 4 degrees (�) Celsius (C), 2�C. Samples must be shipped and delivered to the analytical 
laboratory for extraction within 48 hours. 

Note: �erify requirements for extraction/holding times. 

5.2.7.2  EnCore Sampler Equipment and Collection Requirements for High-Level Analyses ( 200 μg/kg) 
The following equipment is required for high-level analysis: 

P One 5-g sampler or one 25-g sampler (the sampler si�e used will be dependent on client and laboratory requirements 
P One 110-mL (4-o�.) wide-mouth glass jar or applicable container specified for moisture analysis 
P One T-handle 
P Paper towels 

Technical Standard Operating Procedures  Page 9 of 11 
TSOP 1-4.32707 

R2-0003610



SOP 1-4 
Subsurface Soil Sampling Revision: 6 

Date: March 2007 

The requirements for collecting high-level analysis by the EnCore Sampler Method are as follows: 

1. Wear clean gloves during handling of all sample containers and sampling devices. 

2. Remove sample and cap from package and attach T-handle to sampler body. 

3. �uickly push the sampler into a freshly exposed surface of soil until the sampler is full. The O-ring will be visible 
within the hole on the side of the T-handle. If the O-ring is not visible within this window, then the sampler is not full. 

4. Use clean paper toweling to quickly wipe the sampler head so that the cap can be tightly attached. 

5. Push cap on with a twisting motion to attach cap. 

6. Fill out a sample label and attach to sampler. 

7. Rotate sampler stem counterclockwise until the stem locks in place to retain the sample within the sampler body. 

8. Collect moisture sample in 110-mL (4-o�.) wide-mouth jar or designated container using a clean stainless steel spoon 
or trowel. 

9. Store samplers at 4�C, 2�C. Samples must be shipped and delivered to the analytical laboratory for extraction within 
48 hours. 

Note: �erify requirements for extraction/holding times. 

5.2.7.3  Methanol Preservation Equipment and Sampling Requirements for High-Level Analyses ( 200 μg/kg) 
The following equipment is required for methanol preservation sampling: 

P One preweighed jar that contains methanol or a preweighed empty jar accompanied with a preweighed vial that 
contains methanol (laboratory grade) 

P One dry weight cup 
P Weighing balance that accurately weighs to 0.01 g (with accuracy of 0.1 g) 
P Set of balance weights used in daily balance calibration 
P Latex gloves 
P Paper towels 
P Cutoff plastic syringe or other coring device to deliver 5 g or 25 g of soil 

The requirements for sampling and preservation are as follows: 

1. Wear clean gloves during all handling of preweighed vials. 

2. Weigh the vial containing methanol preservative to the nearest 0.01 g. If the weight of the vial with methanol varies by 
more than 0.01 g from the original weight recorded on the vial, discard the vial. If the weight is within tolerance, it can 
be used for soil preservation/collection below. 

3. �uickly collect a 5-g or 25-g sample using a cutoff plastic syringe or other coring device designed to deliver 5 g or 25 
g of soil from a freshly exposed surface of soil. The 5-g or 25-g si�e used is dependent on client and laboratory 
requirements. 

4. Carefully wipe the exterior of the collection device with a clean paper towel. 

5. �uickly transfer the soil to an empty jar or a jar that contains methanol. If extruding into a jar that contains methanol, 
be careful not to splash the methanol outside of the vial. Again, the type of jar used is dependent on the client or 
laboratory requirements. 
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6. If the jar used to collect the soil plug was empty before the soil was added, immediately preserve with the methanol 
provided, using only one vial of methanol preservative per sample jar. 

7. Using the paper toweling, remove any soil off of the vial threads and cap the jar. 

8. Weigh the jar with the soil in it to the nearest 0.01 g and record the weight on the sample label. 

9. Collect dry weight sample using a clean stainless steel spoon or trowel. 

10. Store samples at 4�, 2�C. 

11. Ship sample containers with plenty of ice in accordance with DOT regulations (CORROSI�E. FLAMMA�LE LI�UID. 
POISON) to the laboratory. 

6.0  Restrictions/Limitations 
�asket or spring retainers may be needed for split-barrel sampling in loose, sandy soils. 

Shelby tubes may not retain the sample in loose, sandy soils. 
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1.0  Objective 
Water level measurements are fundamental to groundwater and solute transport studies and are conducted during 
groundwater sampling events to calculate the amount of groundwater to be purged from the well. This standard operating 
procedure (SOP) defines the techniques and requirements for obtaining groundwater level measurements.  

2.0  Background 
2.1  Definitions 
Water Level Indicator - A portable device for measuring the depth from a fixed point (which could be below, at, or above 
the ground surface) to the groundwater inside a well, borehole, or other underground opening. 

Measurement Point - An easily located and clearly defined mark at the top of a well from which all water level 
measurements from that particular well are made. The measurement point shall be as permanent as possible to provide 
consistency in measurements. 

Electrical Tape - A graduated plastic tape onto which a water-sensitive electrode is connected that will electronically 
signal the presence of water (as a result of circuit closure). 

Immiscible Fluids - Two or more fluid substances that will not mix and, therefore, will exist together in a layered form. 
The fluid with the highest density will exist as the bottom layer, the fluid with the lowest density will exist as the top layer,
and any other fluid layers will be distributed relative to their respective densities. 

Discharge - The removal/release of water from the �one of saturation. 

Recharge - The addition of water to the �one of saturation. 

Static Water Level - The level of water in a well, borehole, or other underground opening that is not influenced by 
discharge or recharge. 

Well Riser - A steel, stainless steel, or polyvinyl chloride pipe that extends into a borehole and is connected to the well 
screen or sealed at the bedrock surface in open-hole wells. The upper portion (approximately 3 to 5 feet) of the well riser 
is normally enclosed by an outer steel protective casing. 

Protective Casing - A steel cylinder or square protective sleeve extending approximately 3 to 5 feet into the ground, 
surrounding the well riser. In flush-mounted wells, the protective casing will extend only high enough so that the well and 
protective casing can be enclosed by a Christy box or equivalent vault. In above-grade wells, the protective casing will 
extend above the ground surface approximately 2 to 3 feet. The protective casing protects the well riser. 

2.2  Associated Procedures 
P CDM Federal (CDM) SOP 4-1, Field Logbook Content and Control
P CDM SOP 4-5, Field ���i��ent �e�onta�ination at �onradioa�ti�e �ite�
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2.3  Discussion 
The most common uses of static water level data are to determine the elevation of groundwater, the direction of 
groundwater flow, to identify areas of recharge and discharge, to evaluate the effects of manmade and natural stresses 
on the groundwater system, to define the hydraulic characteristics of aquifers, and to evaluate stream-aquifer 
relationships. Specific uses for water level data may include: 

P Determine the change in water level due to distribution or rate of regional groundwater withdrawal 
P Show the relationship of groundwater to surface water 
P Estimate the amount, source, and area of recharge and discharge 
P Determine rate and direction of groundwater movement 

Static water level measurements shall be obtained from each well before purging, sampling, or other disturbance of the 
water table. 

3.0  General Responsibilities 
Project Manager - The project manager is responsible for ensuring that measurements are conducted in accordance 
with this procedure and any other SOP pertaining to site activities related to obtaining groundwater level measurements. 

Field Team Leader - The field team leader is responsible for ensuring that field personnel obtain water level 
measurements in accordance with this and other relevant procedures. 

Note:  Responsibilities may vary from site to site. Therefore, all field team member responsibilities shall be defined in the 
field plan or site/quality assurance project plan (�APP).  

4.0  Required Equipment 
4.1  General 

P Site-specific plans 
P Field logbook 

P Decontamination equipment and supplies, including rinse bottles 
and deioni�ed water 

P Indelible black ink pens P Tap water and large beaker or bucket 
P Permanent felt-tip marker (e.g., Sharpie) P Water level meter 
P Personal protective equipment 

4.2  Measuring Devices 
The equipment required to obtain water level measurements is dependent on the type of procedure chosen. 
Measurements may be made with a number of different devices and procedures. Measurements are taken relevant to a 
permanent measurement point on the well riser. 

Electrical tapes are preferred over other devices such as steel tape because of the electrical tape�s simplicity and ability 
to make measurements in a short period of time. Many types of electrical instruments have been devised for measuring 
water levels; most operate on the principle that a circuit is completed when two electrodes are immersed in water. 
Examples of electrical tapes that are frequently used include the Slope Indicator Co.� and Solinst� electronic water level 
indicators. These instruments are powered by batteries that shall be checked before mobili�ation to the field. 

Electrical tapes are coiled on a hand-cranked reel unit that contains the batteries and a signaling device that indicates 
when the circuit is closed (i.e., when the probe reaches the water). Electrodes are generally contained in a weighted 
probe that keeps the tape taut in addition to providing some shielding of the electrodes against false indications as the 
probe is being lowered into the hole. The electrical tapes are marked with 0.01-foot increments. Caution shall be 
exercised when using electrical tapes when the water contains elevated amounts of dissolved solids. Under these 
conditions, the signaling device will remain activated after the probe is removed from the water. When the water being 
measured contains very low amounts of dissolved solids, it is possible for the probe to extend several inches below the 
water level before activating the signaling device. �oth of these conditions are related to the conductivity of the water and 
in some cases may be compensated for by the sensitivity control, if the device has this option. In groundwater with high 
conductivity the sensitivity control may need to be turned down, and in groundwater with low conductivity the sensitivity 
control may need to be turned up to get a proper depth to groundwater measurement.  
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5.0  Procedures 
5.1  Preparation 
The following steps must be taken when preparing to obtain a water level measurement: 

P Assign a designated field logbook to record all field events and measurements according to CDM SOP 4-1. Document 
any and all deviations from SOPs and site-specific plans in the logbook and include rationale for the changes. 

P Always exercise caution to prevent inappropriate or contaminated materials from entering an environmental well. 

P Standing upwind from the well, open the groundwater well. Monitor the well with a photoioni�ation detector, flame 
ioni�ation detector, or equivalent vapor analy�er as soon as the cap is opened, as dictated by the site-specific health 
and safety plan.

For comparability, water level measurements shall always be referenced to the same vertical (elevation) datum marker, 
such as a U. S. �eological Survey (US�S) vertical and hori�ontal control point monument. The elevations calculated 
from the measurement of static water levels shall be referenced to mean sea level unless otherwise specified in the site-
specific plans. 

The measurement point must be as permanent as possible, clearly defined, marked, and easily located. Frequently, the 
top of the P�C riser is designated as the measurement point. �owever, since the top of the riser is seldom smooth and 
hori�ontal, one particular point on the riser pipe shall be designated and clearly marked. This can be accomplished by 
marking a point on the top of the riser pipe with a permanent marker. To avoid spilling liquids into the well, paints or other 
liquid marking materials shall not be used. 

5.2  Water Level Measurement Using Electrical Water Level Indicators 
The following steps must be followed when taking water level measurements using electrical tapes: 

P �efore lowering the probe into the well, the circuitry shall be checked by dipping the probe in tap water and checking 
to ensure that the signaling device responds to probe submergence. The probe shall then be lowered slowly into the 
well until contact with the water surface is indicated. The electrical tape reading is made at the measuring point. Take 
a second and third check reading to verify the measurement before completely withdrawing the tape from the well. 

P Independent electrical tape measurements of static water levels using the tape shall agree within 0.01 foot for depths of 
less than about 200 feet. At greater depths, independent measurements may not be this close. For a depth of about 500 
feet, the maximum difference of independent measurement using the same tape shall be within 0.1 foot. 

P Decontaminate the electrical tape according to CDM SOP 4-5 before proceeding to the next well to minimi�e cross 
contamination. 

It may be necessary to check the electrical tape length with a graduated steel tape after the line has been used for a long 
period of time (at least annually) or after it has been pulled hard in attempting to free the line. Some electrical tapes, 
especially the single line wire, are subject to becoming permanently stretched. 

5.3  Other Water Level Measurement Methods 
Although the method cited above (electrical water level indicator) for measuring water levels predominates in the 
environmental sector, there are a number of other methods available that may be well suited for a particular purpose.  

5.3.1  Ultrasonic Method 
The ultrasonic method electronically measures the amount of time it takes a sound wave to reach and reflect off the 
water surface and return to the ground surface. These instruments contain electronic microprocessors, capable of 
performing this measurement many times each second. The actual depth to water, as calculated by the microprocessor, 
is an average of many individual readings. 
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5.3.2  Pressure Gauge Method 
This method, also called the air-line submergence method, uses a pressure gauge and is the preferred method for 
obtaining water level measurements in pumping wells. An air line constructed of semi-rigid tubing is inserted into the well 
below the water table. The tube end at the surface is connected to an air tank or compressor and pressure gauge. 
Filtered air is then forced through the tube and the resultant pressure is read in pounds per square inch (psi). This 
reading is converted to feet of water in the column and subtracted from the total tube length to give depth to water. 
Readings are then converted to groundwater elevation. Results are plotted on a field logging form. Calibration records 
and the exact procedures used must be maintained. 

5.3.3  Acoustic Probe Method 
The acoustic probe is an electronic device containing two electrodes and a battery-powered transducer. The probe is 
attached to a tape. The probe is lowered into the well until a sound is detected, indicating the electrodes in the probe 
have contacted the water surface. This method is similar to the electrical probe method discussed in Section 5.2. 

5.3.4  Continuous Recording Method 
The measurement of groundwater elevations within pumping or monitoring wells can be accomplished by the use of a 
mechanical or digital analog computeri�ed continuous recording system and shall be performed according to 
specifications given by the manufacturer of each unit. In general, when using the mechanical or digital system, the 
pressure or electrical transducer is lowered into the well until it intersects the water surface. The actual depth to water is 
then measured by one of the methods described above and used to calibrate the continuous recorder.  

The necessary adjustments and preparations are then completed according to the specifications given for each type of 
continuous recorder. Proper maintenance of continuous recording devices during water level monitoring shall be 
performed such that continuous, permanent records are developed for the specified period of time. Records shall be 
stored on mechanical graph paper or on a microprocessor. Frequent calibrations of equipment shall also be made during 
monitoring periods of long duration in accordance with the manufacturers’ specifications. 

6.0  Restrictions/Limitations 
6.1  Groundwater and Miscible Fluids 
Where water is rapidly dripping or flowing into a well, either from the top of the well or from fractures, obtaining an 
accurate reading may not be possible. 

The effect of the water flowing into the well may interfere with an electronic water level measuring device, resulting in a 
false water level measurement. If water levels must be recorded in wells completed in aquifers that are recharging or 
discharging, the electronic water level indicator is the preferred measuring device, but shall be used with the awareness 
of possible false measurements. To minimi�e the effects of “splashing,” a 1-inch pipe (decontaminated for environmental 
wells) may be lowered into the pumping well into which the water level indicator would be inserted. This will minimi�e the 
effect of “splashing” until the probe contacts the groundwater and protect the probe from becoming tangled in pump 
wiring or well spacers associated with downhole equipment such as submersible pumps. 

6.2  Immiscible Fluids 
For wells containing immiscible contaminants, the field personnel will need to use special procedures for the measurement 
of fluid levels. The procedure to follow will depend on whether layers are light immiscibles that form lenses floating on the 
top of the water table, or dense immiscibles that sink through the aquifer and form lenses over less permeable layers. 

In the case of light immiscibles, measurements of immiscible fluid and water levels cannot be accomplished by using 
normal techniques. A conventional electrical tape often will not respond to nonconducting immiscible fluids.  

Techniques have been specially developed to measure fluid levels in wells containing immiscible fluids, particularly 
petroleum products. A special paste or gel applied to the end of the steel tape and submerged in the well will show the top 
of the oil as a wet line and the top of the water as a distinct color change, or an interface probe can be used that will detect
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the presence of conducting and nonconducting fluids. Thus, if a well is contaminated with low density, nonconducting 
immiscible fluids such as gasoline, the probe will first detect the surface of the gasoline, but it will not register electrical
conduction. �owever, when the probe is lowered deeper to contact water, it will detect electrical conduction. Normally, a 
variation in an audible signal indicates the difference between phases. 

�oth of these methods have disadvantages. These methods are less effective with heavier and less refined petroleum pro-
ducts because the product tends to stick to the tape or probe, giving a greater product thickness measurement than it shall. 
Paste or gel cannot be used when sampling groundwater for the same constituents present in the paste or gel product. 

Note that water levels obtained in this situation are not suitable for determining hydraulic gradients without further 
interpretation. To use such data for determining hydraulic gradients, the difference in density between the light immiscible 
phase and water has to be considered. 

Measuring fluid levels in wells screened in lenses of dense immiscible fluids resting on a low permeability formation is 
somewhat easier, provided the immiscible fluid is nonconducting. The top of the dense layer can be identified by simply 
using an electrical sounder. As an electrical sounder passes from groundwater into the immiscible phase, the detection 
unit will deactivate because the fluid will no longer conduct electricity. A better method would be to use an interface probe 
as described above. The variation in the audible signal associated with the detection of differing phase liquids will also 
allow the user to obtain a groundwater depth and dense immiscible thickness measurement. 

7.0  References 
Camp Dresser � Mc�ee Inc., et al. 1991. �a��ling and �nal��i� �ro�ed�re�� �eo����i�al ��r�e� �ro�ed�re�. May. 

U. S. Environmental Protection Agency. 1987. � Co��endi�� o� ���er��nd Field ��eration� �et�od�. EPA/540/P-
87/001. December. 

Weight, Willis D. and Sonderegger, �ohn L., 2001. �an�al o� ���lied ��drogeolog�. Lewis Publishing Company. 187-190. 

Westinghouse Savannah River Company. 1997. �tandard ��erating �ro�ed�re� �an�al, 3�5, Chapter 13, Revision 2, 
ydrogeologic Data Collection Procedures and Specifications. October. �
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1.0  Objective 
The objective of this standard operating procedure (SOP) is to define the techniques and the requirements for the 
measurement of organic vapors in the field.

2.0  Background 
2.1  Definitions 
Photoionization Detector (PID) - A portable, hand-held instrument that measures the concentration of gaseous organic 
compounds through the photoioni�ation of organic vapors. 

Flame Ionization Detector (FID) - A portable, hand-held instrument that measures the concentration of gaseous organic 
compounds through the flame ioni�ation of organic vapors. 

2.2  Associated Procedures 
P CDM Federal SOP 1-4, ��b��r�a�e �oil �a��ling
P CDM Federal SOP 1-5, �ro�nd�ater �a��ling ��ing �ailer� 
P CDM Federal SOP 1-6, � ater Le�el �ea��re�ent
P CDM Federal SOP 1-8, �olatile �rgani� Co��o�nd �ir �a��ling ��ing ����� �et�od ����� �it� ����� Cani�ter
P CDM Federal SOP 3-1, �eo�robe  �a��ling
P CDM Federal SOP 3-5, Lit�ologi� Logging
P CDM Federal SOP 4-3, � ell �e�elo��ent and ��rging

2.3  Discussion 
The measurement of organic vapors is a required step during numerous field activities. The primary purpose of such 
measurements is health and safety monitoring to determine if the breathing �one in a work area is acceptable or if 
personal protective equipment such as a respirator or a supplied air device is necessary for field personnel. In addition to 
health and safety monitoring, organic vapor measurement is also used in conjunction with sampling activities, including 
screening subsurface soil samples, soil vapor and indoor air sampling, and groundwater sampling, where measurements 
are useful for establishing approximate contaminant levels or ranges. 

The two types of instruments most commonly used to measure organic vapors are PIDs and FIDs. �oth instruments first 
ioni�e the gaseous compound and then measure the response, which is proportional to the concentration. 

2.3.1  PID Operation 
The PID is preferred when the compound of interest is an aromatic or chlorinated volatile organic compound (�OC). The 
PID ioni�es the sampled vapors using an ultraviolet lamp that emits light energy at a specific electron voltage (e� - 
labeled on the lamp). The ultraviolet lamp produces photons that are absorbed by the sampled vapor molecule. The 
molecule becomes excited, producing a positively charged ion and emitting an electron. The number of electrons emitted 
is proportional to the concentration of the sampled gases. Every organic compound has a specific ioni�ation potential in 
electron volts. The energy emitted by the lamp must be higher than the ioni�ation potential of the compound for the 
compound to become ioni�ed and emit an electron. If the ioni�ation potential of the compound is higher than the e� of 
the lamp, there will be no response on the instrument. Therefore, the ioni�ation potential of the known or suspected 
compounds shall be checked against the energy of the ultraviolet lamp to verify that the energy provided by the lamp is  
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greater. Additionally, manufacturer’s manuals shall be consulted to obtain the appropriate correction factors for known or 
suspected contaminants. 

Water vapor in the vapor sample can interfere with the PID detector and cause the instrument to stop responding. This 
can be caused by using the PID on a rainy day or when sampling headspace samples that have been in the sun. If  

moisture is suspected, the calibration gas shall be used to check the instrument response by inserting the gas as a check 
sample, not by recalibrating. If the response is lower than the gas level, then the probe and the ioni�ation chamber shall 
be dried out before reusing the instrument. 

Note: The ultraviolet lamp in the PID is sensitive to shock, especially when using the higher e� lamps. Therefore, they 
shall be handled and transported carefully. 

The sampling probe shall not be inserted directly into soil samples or dusty areas, as the instrument vacuum will pull dirt 
into the ioni�ation chamber. Under particularly dirty or dusty conditions, the lamp may become covered with a layer of 
dust. If dirty conditions are encountered, or if the instrument response seems to have decreased, then the lamp shall be 
cleaned. The instrument manual provides instructions on how to remove the instrument cover to access the lamp, and 
how to clean the screen in the ioni�ation chamber and the surface of the lamp. 

2.3.2  FID Operation  
The FID is preferred when sampling for petroleum hydrocarbons and methane (landfill gases). It responds well to 
aromatic hydrocarbons but is not as convenient to use as the PID. The FID allows measurement of a wide variety of 
compounds, but in general its sensitivity is not as high as the PID for compounds where the PID is applicable.  

The FID ioni�es the vapor sample by burning it in a hydrogen/air flame, and measuring the response beyond what is 
caused by the hydrogen alone. This instrument requires a hydrogen supply, contained in a small tank in the instrument. 
This hydrogen, including the gas in the instrument tank, is considered a flammable gas and appropriate requirements 
must be adhered to when shipping. The instrument shall be emptied of hydrogen before shipping. Federal Express 
�a�ardous Material shipping manifests must be completed when shipping the gas. 

The hydrogen gas in the FID combustion chamber is ignited by pressing a red button on the side of the instrument, which 
sends electrical current to a small resistance coil igniter in the combustion chamber. This igniter is very sensitive, and if 
the red button is pressed for longer than 5 seconds, the coil will burn out and the instrument will be unusable unless 
another igniter is available. If the instrument will not light, check the electrical connections and switches for proper 
settings. Check that the pump is pumping, and allow fresh air to flow through the combustion chamber for several 
minutes before lighting. Check to see if the exhaust port of the combustion chamber is dirty. 

3.0  Responsibilities 
Site Manager - The site manager is responsible for ensuring that field activities are conducted in accordance with this 
procedure and any other SOPs pertaining to the specific activity. 

Field Team Leader - The field team leader is responsible for ensuring that field personnel conduct field activities in 
accordance with this and other relevant procedures. 

Note: Responsibilities may vary from site to site. Therefore, all field team member responsibilities shall be defined in the 
field plan or site-/project-specific quality assurance plan. 

4.0  Required Equipment 
P Site-specific plans P Calibration gases in a range appropriate for the expected use
P Field logbook P 0.5 liter (16-ounce) or “Mason” type glass jar 
P Waterproof black ink pen 
P Personal protective clothing and equipment 

P �ydrogen Canister and fill valve and hose (if using FID for a 
period of more than 1 day) 

P Photoioni�ation detector or flame ioni�ation detector 
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5.0  Procedures 
5.1  Direct Reading Measurement 
1. Connect the measurement probe to the instrument and make necessary operational checks (e.g., battery check, etc.) 

as outlined in the manufacturer’s manual. 

2. Calibrate the instrument following the applicable manufacturer’s manual 

3. Make sure the instrument is reading �ero and all function and range switches are set appropriately. 

4. Insert the end of the probe directly into the atmosphere to be measured (e.g., breathing �one, monitoring well casing, 
split spoon, etc.) and read the organic vapor concentration in parts per million (ppm) from the instrument display. 
Apply the appropriate correction factor if necessary. Record the highest instrument response. 

5. Immediately document the reading in the field logbook or on the appropriate field form. 

5.2  Headspace Measurement 
1. Connect the measurement probe to the instrument and make necessary operational checks (e.g., battery check, etc.) 

as outlined in the manufacturer’s manual. 

2. Calibrate the instrument following the appropriate manufacturer’s manual.  

3. Make sure the instrument is reading �ero and all function and range switches are set appropriately. 

4. Fill a clean glass jar approximately half-full of the sample to be measured. �uickly cover the top of the jar with one or 
two sheets of clean aluminum foil and apply cap to seal the jar. 

5. Allow headspace to develop for approximately 10 minutes. It is generally preferable to shake the sealed jar for 10 to 
15 seconds at the beginning and end of headspace development.  

Note: When the ambient temperature is below 0�C (32�F), the headspace development and subsequent measurement 
shall occur within a heated vehicle or building. 

6. Remove the jar cap and quickly puncture the foil and insert the instrument probe to a point approximately one-half of 
the headspace depth. Do not let the probe contact the soil. If using a PID and there is condensation on the inside of 
the jar, only leave the probe in the jar long enough to obtain a reading. Remove the probe and allow fresh air to flow 
through the instrument to avoid excess water vapor to build up. 

7. Read the organic vapor concentration in ppm from the instrument display. Apply the appropriate correction factor if 
necessary. Record the highest instrument response. 

8. Immediately record the reading in the field logbook or on the appropriate field form. 

6.0  Restrictions/Limitations 
The two methods outlined above are the most commonly used for field measurement of organic vapors but do not apply to 
all circumstances. Consult project- or program-specific procedures and guidelines for deviations. �oth the PID and FID 
provide quantitative measurement of organic vapors, but generally neither instrument is compound-specific. The typical 
reading range of the PID is 0 to 2,000 ppm, and the typical reading range of the FID is 0 to 1,000 ppm. The FID will 
measure methane while the PID will not. Note: The presence of methane will cause erratic PID measurements. In methane 
rich environments, toxic organic vapors shall be monitored with an FID. If desired, a charcoal filter can be placed temporarily
on the FID inlet probe, which will trap all organic vapors except methane. The filtered (methane only) reading can be 
subtracted from unfiltered (total organic vapors) to provide an estimate of non-methane organic vapors. The reading 
accuracy of both instruments can be affected by ambient temperature, barometric pressure, humidity, lithology, etc.  

7.0  References 
Martin Marietta Energy Systems, Inc. 1998. �n�iron�ental ��r�eillan�e �ro�ed�re� ��alit� Control �rogra� ,

S�/Sub/87-21706/1. E
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1.0  Objective 
The purpose of this standard operating procedure (SOP) is to define requirements for collection and containment of 
sediment/sludge samples.  

2.0  Background 
2.1  Definitions
Sediment - �eologic and/or organic material underlying a body of water. The material has been transported by a fluid and 
deposited within the boundaries of the body of water. 

Sludge - Materials ranging in type from dewatered solids to high viscosity liquids. The material may exist suspended 
throughout the water or settled from the water as all or part of the sediment. 

Grab Sample - A discrete portion or aliquot taken from a specific location at a given point in time. 

Composite - Two or more subsamples taken from a specific media and site at a specific point in time. The subsamples 
are collected and mixed, then a single average sample is taken from the mixture. 

2.2  Associated Procedures 
P CDM Federal SOP 1-2, �a��le C��tod�
P CDM Federal SOP 2-1, �a�kaging and ��i��ing �n�iron�ental �a��le�
P CDM Federal SOP 4-1, Field Logbook Content and Control
P CDM Federal SOP 4-2, ��otogra��i� �o���entation o� Field ��ti�itie�
P CDM Federal SOP 4-5, Field ���i��ent �e�onta�ination at �onradioa�ti�e �ite�

2.2  Discussion 
Sediment/sludge samples are collected to determine the type(s) and level(s) of contamination in a particular surface water 
body and/or its biological disposition. Sediment/sludge samples will provide a more historical account of contamination 
than will water samples because of the nature of the matrix. 

3.0  General Responsibilities 
Site Manager - The site manager is responsible for ensuring that field personnel are trained in the use of this and related 
SOPs and the required equipment. 

Field Team Leader - The field team leader (FTL) is responsible for ensuring that sampling efforts are conducted in 
accordance with this procedure and any other SOPs pertaining to specific media sampling. The FTL must also ensure that 
the quantity and location of sediment/sludge samples collected meet the requirements of the site-specific plans. 

Note: Responsibilities may vary from site to site. Therefore, all field team member responsibilities shall be defined in the 
field plan or site/quality assurance project plan (�APP). 
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4.0  Required Equipment 
All or part of the equipment listed under the “as needed” category may be required at any specific site, depending on the 
plan(s) for that site. 

P Site-specific plans P Teflon or stainless steel mixing bowls or trays 
P Field logbook P Aluminum foil 
P Indelible black ink pens and markers P �imwipe or paper towels 
P Labels and appropriate forms/documentation for    

sample shipment 
P �- to �-inch (12- to 19-mm) braided nylon line or Teflon-

coated wire rope 
P Appropriate sample containers P Clean plastic sheeting 
P Insulated cooler and waterproof sealing tape P Tap and deioni�ed water 
P Ice bags or “blue ice” P Water spray bottle 
P Plastic �ip-top bags P Appropriate photographic equipment and supplies 
P Clear waterproof tape P Appropriate decontamination equipment and supplies 
P Personal protective clothing and equipment 
P Latex or appropriate gloves 

P Eckman grab for depositional area (primarily stream) 
sediment sampling 

P Rubber boots and/or rubberi�ed waders P Ponar sampler for lake sampling 
P Stainless steel or Teflon� spoons, spatulas, or scoops 

As needed: 
P �lobal Positioning System (�PS) unit P Motori�ed coring device 
P �and or gravity corer with extensions or stainless steel 

hand auger 
P �oat with depth finder for deep water or inaccessible 

shorelines
P Core liners of Teflon, stainless steel, brass, aluminum,  

or polybutyrate, as specified in the site-specific plan(s) 
P Any personal protective equipment specified in the site-

specific health and safety plan 
P Stainless steel push tubes P Spare parts for all equipment 
P Dredge with 15- to 20-foot (4.5- to 6.0-meter) sampling 

pole (hollow) and insert (e.g., Peterson, Eckman, Ponar) 
P Tape measure 

5.0  Procedures 
5.1  Preparation 
The following steps shall be taken when preparing for sampling sediment/sludge: 

1. Review site-specific health and safety plan and project plans before initiating sampling activity. 

2. Don the appropriate personal protective clothing as dictated by the site-specific health and safety plan. 

3. Select stream/river sampling locations that exhibit cross-sectional homogeneity. Avoid areas where the channel is 
constricted or bends where scouring may have occurred. For lakes, collect sediment samples away from the shoreline. 

4. Prepare sampling site by laying out clean plastic sheeting on the ground or any flat, level surfaces near the sampling 
area and place equipment to be used on the plastic. 

5. If surface water is present at the sample location, make field measurements in physical, chemical, and biological char-
acteristics of the water (e.g., temperature, dissolved oxygen, conductivity, p�), as dictated by the project-specific plans. 

6. The samples shall be collected from areas of least to greatest contamination (when known) and, when collecting several 
samples in 1 day, always collect from downstream to upstream. 

7. When sampling sediment and surface water from the same surface water body, collect surface water samples before 
sediment samples. 

2  

R2-0003625



SOP 1-11 
Sediment/Sludge Sampling Revision: 7 

Date: March 2007 

8. Document the sampling events, recording all information in the designated field logbook and take photographs (if 
required). Document any and all deviations from this SOP and include rationale for changes. 

9. The collection points shall be located on a site map and described in the field logbook. Use �PS if required or if possible.

10. Label each sample container with the appropriate information. Secure the label by covering it with a piece of waterproof 
clear tape. 

11. Decontaminate reusable sampling equipment after sample collection according to CDM Federal SOP 4 5. 

12. Processes for verifying depth of samples must be included in site-specific project plans. 

13. Check that a trip blank/temperature blank, when necessary, is included in the chilled cooler. �uality assurance/quality 
control requirements vary from project to project. Consult the project-specific work plan for quality requirements. 

5.2  Sediment/Sludge Sample Collection from Shallow Waters 
5.2.1  Method for Collecting Samples for Volatile Organic Compound (VOC) Analysis 
The following steps must be followed when collecting shallow water sediment/sludge �OC samples: 

1. Use a decontaminated stainless steel or Teflon, long-handled scoop, corer, push tube, or dredge to collect the entire 
sample in one grab. If wading is necessary, approach the sample location from downstream. Do not enter the actual 
sample area. 

2. Retrieve the sampling device and slowly decant off any liquid phase.  

3. Immediately fill the specified sample container(s) with the solid. Use a clean stainless steel or Teflon spoon or spatula to
completely fill the container(s), ensuring no headspace. 

Note: Samples to be analy�ed for �OC or other compounds degraded by aeration shall be taken as grab samples. Do not 
homogeni�e or composite these samples. 

4. Once each container is filled, close the container with the Teflon-lined cap. Wipe the outside of the container clean with a
�imwipe or clean paper towel. Affix a completed sample label. 

5. Place the sample container(s) in individual �ip-top plastic bags and seal the bags. 

6. Immediately pack all samples into a chilled cooler. 

5.2.2  Method for Collecting Samples for Nonvolatile Organic and Inorganic Compound Analysis 
The following steps must be taken when collecting shallow water sediment/sludge samples for analytes not degraded by 
aeration: 

1. Collect sufficient volume to fill specified sample containers using decontaminated stainless steel or Teflon-lined 
equipment (scoops, corer, dredge sampler, etc.). If wading is necessary, approach the sample location from downstream. 
Do not enter the actual sample area. 

2. Retrieve the sampling device with the sample and slowly decant off any liquid phase.  

3. Pool and homogeni�e samples in a stainless steel, Teflon, or appropriate pan or mixing bowl, using stainless steel 
spatula or spoon. 

4. Fill each sample container with the homogeni�ed sample to approximately 75 to 90 percent capacity, filling sample 
containers for organics analyses first. 
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5. Once each container is filled, close the container with a Teflon-lined cap. Wipe the outside of sample containers clean 
with a �imwipe or clean paper towel. Affix a completed sample label. 

6. Place the sample container(s) in individual �ip-top plastic bags and seal the bags. 

7. Immediately pack all samples into a chilled cooler. 

5.3  Subsurface Sediment/Sludge Sample Collection Using a Corer or Auger from Shallow Waters
5.3.1  Method for Collecting Samples for Volatile Organic Compound Analysis Using an Unlined Corer (also 
applies to augers) 
The following steps must be taken when collecting subsurface sediment/sludge �OC samples that underlie shallow water: 

1. At the specified sampling location, force or drive the corer to the specified depth. 

2. Twist and withdraw the corer in a smooth motion. 

3. Retrieve the sampling device, remove the corer nosepiece (if possible), and extrude the sample into the specified 
sampling container(s). Use a clean stainless steel or Teflon spoon or spatula to completely fill the container(s), 
ensuring no headspace. 

4. Once each container is filled, close the container with the Teflon-lined cap. Wipe the outside of the sample container 
clean with a �imwipe or clean paper towel. Affix a completed sample label. 

5. Place the sample container(s) in individual �ip-top plastic bags and seal the bags. 

6. Immediately pack all samples into a chilled cooler. 

5.3.2  Method for Collecting Samples for Volatile Organic Compound Analysis Using a Lined Corer 
The following steps must be followed when collecting shallow water subsurface sediment/sludge �OC samples that 
underlie shallow water: 

1. Install decontaminated liner(s) in the corer barrel. 

2. At the specified sampling location, force or drive the corer to the specified depth. 

3. Twist and withdraw the corer in a smooth motion. 

4. Retrieve the sampling device, remove the corer nosepiece (if possible) and remove the liner(s), cap the liner(s), and 
seal the caps with Teflon tape. 

5. Wipe the outside of the liner clean with a �imwipe or clean paper towel. Label the top and bottom ends of the liner(s). 
Affix a completed sample label. 

6. Place capped and sealed liners in individual �ip-top plastic bags and seal the bags. 

7. Immediately pack all samples into a chilled cooler. 

5.3.3  Method for Collecting Samples for Nonvolatile Organic and Inorganic Compound Analysis Using a Corer
          (also applies to augers) 
The following steps must be followed when collecting subsurface sediment/sludge samples that underlie shallow water for 
analytes not degraded by aeration: 

4  
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1. At the specified sampling location, force or drive the corer to the specified depth. 

2. Twist and withdraw the corer in a smooth motion. 

3. Retrieve the sampling device. Remove the corer nosepiece (if possible) and extrude the sample into a stainless steel 
or Teflon-lined pan or bowl. Collect sufficient sample volume to fill all containers. 

4. Use a stainless steel or Teflon spoon or spatula to homogeni�e and then divide the sample material into the 
appropriate number of sample containers. 

5. Fill each container to approximately 75 to 90 percent capacity, filling containers for organics analyses first. Close the 
container with a Teflon-lined cap. Wipe the outside of sample containers clean with a �imwipe or clean paper towel. 
Affix a completed sample label. 

6. Place the sample container(s) in individual �ip-top plastic bags and seal the bags. 

7. Immediately pack all samples into a chilled cooler. 

5.4  Sediment/Sludge Sample Collection Using a Dredge from Deep Waters  
5.4.1  Method for Collecting Samples for Volatile Organic Compound Analysis 
The following steps must be followed when collecting deep-water sediment/sludge �OC samples: 

1. Attach a clean piece of �- to �-inch (12- to 19-mm) braided nylon line or Teflon-coated wire rope to the top of the 
sampler. The line must be of sufficient length to reach the sediment or sludge and have enough slack to release the 
mechanism. Mark the distance to the bottom on the line. 

2. Attach the free end of the sampling line to a fixed support to prevent loss of the sampler. 

3. At the specified sampling location, open the sampler jaws and slowly lower the sampler until contact with the bottom 
(sediment/sludge) is felt. 

4. Release tension on the line; allow sufficient slack for the mechanism (latch) to release. Slowly raise the sampler. 

5. Once the sampler is above the water surface, place the sampler in a stainless steel or Teflon-lined tray or pan. Open 
the sampler. Immediately collect the sample for �OC analysis, using a stainless steel or Teflon spoon or spatula. Fill 
each container completely to minimi�e headspace. 

6. Once each container is filled, close the container with the Teflon-lined cap. Wipe the outside of sample containers 
clean with a �imwipe or clean paper towel. Affix a completed sample label. 

7. Place the sample container(s) in individual �ip-top plastic bags and seal the bags. 

8. Immediately pack all samples into a chilled cooler. 

5.4.2  Method for Collecting Samples for Nonvolatile Organic and Inorganic Compounds 
The following steps must be followed when collecting deep-water sediment/sludge samples for analytes not degraded by 
aeration: 

1. Attach a clean piece of �- to �-inch (12- to 19-mm) braided nylon line or Teflon-coated wire rope to the top of the 
sampler. The line must be of sufficient length to reach sediment or sludge and have enough slack to release the 
mechanism. Mark the distance to the bottom on the line. 
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2. Attach the free end of the sampling line to a fixed support to prevent loss of the sampler. 

3. At the specified sampling location, open the sampler jaws and slowly lower the sampler until contact with the bottom 
(sediments/sludge) is felt. 

4. Release tension on the line; allow sufficient slack for the mechanism (latch) to release. Slowly raise the sampler. 

5. Once the sampler is above the water surface, place the sampler in a stainless steel or Teflon-lined tray or pan. Open 
the sampler. 

6. Collect sufficient volume of sample to fill the specified sampler containers. Pool the grab samples in a tray, pan, or 
bowl. �omogeni�e the pooled samples by mixing them together with a stainless steel or Teflon spoon or spatula. 

7. Fill the specified sample containers to approximately 75 to 90 percent capacity with the homogeni�ed sample using 
the stainless steel or Teflon spoon or spatula. Fill sample containers for organics analyses first. 

8. Once each container is filled, close the container with the Teflon-lined cap. Wipe the outside of sample containers 
clean with a �imwipe or clean paper towel. Affix a completed sample label. 

9. Place sample container(s) in individual �ip-top plastic bags and seal the bags. 

10. Immediately pack all samples into a chilled cooler. 

6.0  Restrictions/Limitations 
Core sampling devices may not be usable if cobbles exist in the sediment/sludge. �umping of core sampling devices and 
Ponar dredge samplers may result in the loss of some of the sample. 

�rab sampling for �OC analysis or for analysis of any other compound(s) that may be degraded by aeration is necessary 
to minimi�e sample disturbance and, hence, analyte loss. The representativeness of this sample, however, is difficult to 
determine because the collected sample represents a single point, is not homogeni�ed, and has been disturbed. 

7.0  References 
U. S. Department of Energy. �a�ardous Waste Remedial Actions Program. ��alit� Control �e��ire�ent� �or Field 
�et�od�, DOE/�WP-69/R1. �uly 1990 or current revision. 

����������. �a�ardous Waste Remedial Actions Program. �tandard ��erating �ro�ed�re� �or �ite C�ara�teri�ation�,
DOE/�WP-100/R2. September 1996 or current revision. 

U. S. Environmental Protection Agency. Region II. C��CL� ��alit� ����ran�e �an�al. March 1988 or current revision. 

����������. Region I�. �n�iron�ental �n�e�tigation�� �tandard ��erating �ro�ed�re� and ��alit� ����ran�e �an�al.
November 2001 or current revision. 

U. S. �eological Survey. �ational Field �an�al �or t�e Colle�tion o� � ater���alit� �ata, Chapter A8. October 1997. 
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1.0  Objective 
The objective of this SOP is to outline the requirements for the packaging and shipment of environmental samples. 
Additionally, Sections 2.0 through 7.0 outline requirements for the packaging and shipping of regulated environmental 
samples under the Department of Transportation (DOT) �a�ardous Materials Regulations, the International Air Trans-
portation Association (IATA), and International Civil Aviation Organi�ation (ICAO) Dangerous �oods Regulations for 
shipment by air and applies only to domestic shipments. This SOP does not cover the requirements for packaging and 
shipment of equipment (including data loggers and self-contained breathing apparatus [SC�As] or bulk chemicals that are 
regulated under the DOT, IATA, and ICAO. 

1.1  Packaging and Shipping of All Samples 
This standard operating procedure (SOP) applies to the packaging and shipping of all environmental samples. If the 
sample is preserved or radioactive, the following sections may also be applicable. 

Section 2.0 - Packaging and Shipping Samples Preserved with Methanol 
Section 3.0 - Packaging and Shipping Samples Preserved with Sodium �ydroxide 
Section 4.0 - Packaging and Shipping Samples Preserved with �ydrochloric Acid 
Section 5.0 - Packaging and Shipping Samples Preserved with Nitric Acid 
Section 6.0 - Packaging and Shipping Samples Preserved with Sulfuric Acid 
Section 7.0 - Packaging and Shipping Limited-�uantity Radioactive Samples 

1.2  Background 
1.2.1  Definitions 
Environmental Sample - An aliquot of air, water, plant material, sediment, or soil that represents the contaminant levels 
on a site. Samples of potential contaminant sources, like tanks, lagoons, or non-aqueous phase liquids are normally not 
“environmental” for this purpose. This procedure applies only to environmental samples that contain less than reportable 
quantities for any foreseeable ha�ardous constituents according to DOT regulations promulgated in 49 CFR - Part 
172.101 Appendix A. 

Custody Seal - A custody seal is a narrow adhesive-backed seal that is applied to individual sample containers and/or 
the container (i.e., cooler) before offsite shipment. Custody seals are used to demonstrate that sample integrity has not 
been compromised during transportation from the field to the analytical laboratory. 

Inside Container - The container, normally made of glass or plastic, that actually contacts the shipped material. Its 
purpose is to keep the sample from mixing with the ambient environment. 

Outside Container - The container, normally made of metal or plastic, that the transporter contacts. Its purpose is to 
protect the inside container. 

Secondary Containment - The outside container provides secondary containment if the inside container breaks (i.e., 
plastic overpackaging if liquid sample is collected in glass). 
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Excepted Quantity - Excepted quantities are limits to the mass or volume of a ha�ardous material in the inside and 
outside containers below which DOT, IATA, ICAO regulations do not apply. The excepted quantity limits are very low. 
Most regulated shipments will be made under limited quantity. 

Limited Quantity - Limited quantity is the maximum amount of a ha�ardous material below which there are specific 
labeling or packaging exceptions. 

Performance Testing - Performance testing is the required testing of outer packaging. These tests include drop and 
stacking tests. 

Qualified Shipper - A qualified shipper is a person who has been adequately trained to perform the functions of shipping 
ha�ardous materials. 

1.2.2  Associated Procedures 
P CDM Federal SOP 1-2, �a��le C��tod�

1.2.3  Discussion 
Proper packaging and shipping is necessary to ensure the protection of the integrity of environmental samples shipped for 
analysis. These shipments are potentially subject to regulations published by DOT, IATA, or ICAO. Failure to abide by 
these rules places both CDM and the individual employee at risk of serious fines. The analytical holding times for the 
samples must not be exceeded. The samples shall be packed in time to be shipped for overnight delivery. Make 
arrangements with the laboratory before sending samples for weekend delivery. 

1.3  Required Equipment 
P Coolers with return address of the appropriate CDM office P �ubble wrap (optional) 
P �eavy-duty plastic garbage bags P Ice 
P Plastic �ip-type bags, small and large P Custody seals 
P Clear tape 
P Nylon reinforced strapping tape 

P Completed chain-of-custody record or contract labora-
tory program (CLP) custody records, if applicable 

P Duct tape P Completed bill of lading 
P �ermiculite (or an equivalent nonflammable material that is 

inert and absorbent)� 
P “This End Up” and directional arrow labels 

�Check for any client-specific or laboratory requirements related to the use of absorbent packaging materials. 

1.4  Packaging Environmental Samples 
The following steps must be followed when packing sample bottles and jars for shipment: 

1. �erify the samples undergoing shipment meet the definition of “environmental sample” and are not a ha�ardous material 
as defined by DOT. Professional judgment and/or consultation with qualified persons such as the appropriate health and 
safety coordinator or the health and safety manager shall be observed. 

2. Select a sturdy cooler in good repair. Tape any interior opening in the cooler (drain plug) from the inside to ensure 
control of interior contents. Also, tape the drain plug from the outside of the cooler. Line the cooler with a large heavy-
duty plastic garbage bag. 

3. �e sure the caps on all bottles are tight (will not leak); check to see that labels and chain-of-custody records are 
completed properly (SOP 1-2, Sample Custody). 

4. Place all bottles in separate and appropriately si�ed plastic �ip-top bags and close the bags. Up to three �OA vials may 
be packed in one bag. �inding the vials together with a rubber band on the outside of the bag, or separating them so 
that they do not contact each other, will reduce the risk of breakage. �ottles may be wrapped in bubble wrap. Optionally, 
place three to six �OA vials in a quart metal can and then fill the can with vermiculite or equivalent. Note: Trip blanks 
must be included in coolers containing �OA samples. 
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5. Place 2 to 4 inches of vermiculite (or equivalent) into a cooler that has been lined with a garbage bag, and then place the 
bottles and cans in the bag with sufficient space to allow for the addition of packing material between the bottles and 
cans. It is preferable to place glass sample bottles and jars into the cooler vertically. �lass containers are less likely to 
break when packed vertically rather than hori�ontally. 

6. While placing sample containers into the cooler, conduct an inventory of the contents of the shipping cooler against the 
chain-of-custody record. The chain-of-custody with the cooler shall reflect only those samples within the cooler. 

7. Put ice in large plastic �ip-top bags (double bagging the �ip-tops is preferred) and properly seal. Place the ice bags on 
top of and/or between the samples. Several bags of ice are required (dependant on outdoor temperature, staging time, 
etc.) to maintain the cooler temperature at approximately 4� Celsius (C) if the analytical method requires cooling. Fill all 
remaining space between the bottles or cans with packing material. Securely fasten the top of the large garbage bag 
with fiber or duct tape. 

8. Place the completed chain-of-custody record or the CLP traffic report form (if applicable) for the laboratory into a plastic
�ip-top bag, seal the bag, tape the bag to the inner side of the cooler lid and close the cooler. 

9. The cooler lid shall be secured with nylon reinforced strapping tape by wrapping each end of the cooler a minimum of 
two times. Attach a completed chain-of-custody seal across the opening of the cooler on opposite sides. The custody 
seals shall be affixed to the cooler with half of the seal on the strapping tape so that the cooler cannot be opened without 
breaking the seal. Complete two more wraps around with fiber tape and place clear tape over the custody seals. 

10. The shipping container lid must be marked “THIS END UP” and arrow labels that indicate the proper upward position of 
the container shall be affixed to the cooler. A label containing the name and address of the shipper (CDM) shall be 
placed on the outside of the container. Labels used in the shipment of ha�ardous materials (such as Cargo Only Air 
Craft, Flammable Solids, etc.) are not permitted on the outside of containers used to transport environmental samples 
and shall not be used. The name and address of the laboratory shall be placed on the container, or when shipping by 
common courier, the bill of lading shall be completed and attached to the lid of the shipping container.  

2.0  Packaging and Shipping Samples Preserved with Methanol 
2.1  Containers 
P The maximum volume of methanol in a sample container is limited to 30 ml. 
P The sample container must not be full of methanol. 

2.2  Responsibility 
It is the responsibility of the qualified shipper to: 

P Ensure that the samples undergoing shipment contain no other contaminant that meets the definition of “ha�ardous 
material” as defined by DOT 

P Determine the amount of preservative in each sample so that accurate determination of quantities can be made 

Note: Responsibilities may vary from site to site. Therefore, all field team member responsibilities shall be defined in the field 
plan or site-/project-specific quality assurance project plan (�APP).  

2.3  Additional Required Equipment 
The following equipment is needed in addition to the required equipment listed in Section 1.3: 

P Inner packing may consist of glass or plastic jars 
P Outer packaging (for limited quantities) insulated cooler that has passed the ICAO drop test 
P Survey documentation (if shipping from Department of Energy [DOE] or radiological sites) 
P Class 3 flammable liquid labels 
P Orientation labels 
P Consignor/consignee labels 
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2.4  Packaging Samples Preserved with Methanol 
The following steps are to be followed when packaging limited-quantity sample shipments: 

P Tape any interior opening in the cooler (drain plug) from the inside to ensure control of interior contents. Also, tape the 
drain plug from the outside of the cooler. 

P All sample containers will be properly labeled and the label protected with waterproof tape before sampling. 
P At a minimum the label must contain: 

- Project name - Sample identification number 
- Project number - Collector’s initials 
- Date and time of sample collection 
- Sample location 

- Preservative (note amount of preservative used in miscellaneous section of 
the chain-of-custody form) 

P Wrap each container (40-ml �OA vials) in bubble wrap (secure with waterproof tape) to prevent breakage.  
P Place the bubble-wrapped container into a 2.7-mil �ip-type bag, removing trapped air. 
P Place wrapped containers inside a polyethylene bottle filled with vermiculite; seal the bottle. (Maximum of 4 �OA vials will 

fit inside a 500-ml wide-mouth polyethylene bottle.) 
P Total volume of methanol per shipping container must not exceed 500 ml. 
P Place sufficient amount of vermiculite in the bottom of the cooler to absorb any leakage that may occur. 
P Place a garbage bag in the cooler. 
P Pack the samples appropriately inside the garbage bag (bottles placed upright) to prevent movement during shipment. 
P Place a sufficient amount of double-bagged ice around the samples to maintain the required temperature during 

shipment.
P Seal the garbage bag by tieing or taping. 
P The maximum weight of the cooler shall not exceed 30 kg (66 lbs) for any limited-quantity shipment of dangerous goods. 
P Secure the chain-of-custody form (placed inside a �ip-type bag) to the interior of the cooler lid. 
P If the shipment is from a DOE or other facility, place the results of the radiation screen and cooler/sample survey with the 

chain-of-custody.
P Wrap strapping tape or duct tape around both ends of the cooler and around the cooler lid. 
P Affix custody seals to opposite sides of the cooler lid. Cover the custody seals with clear waterproof tape. 
P Mark the outside of the cooler with the proper shipping name of the contents, corresponding UN number, and LTD. �T�. 

(as shown below). 

Methanol Mixture 
UN1230
LTD. QTY. 

P Place a label on the front of the cooler with the company name, contact name, phone number, full street address, and 
state with �ip code for both shipper and recipient. 

P Affix a Flammable Liquid label to the outside of the cooler. 
P Affix package orientation labels on two opposite sides of the cooler. 
P Secure the marking and labels to the surface of the cooler with clear waterproof tape to prevent accidental removal during 

shipment.
P An example of cooler labeling/marking locations is shown in Figure 1. 

Note: No marking or labeling can be obscured by strapping or duct tape. 
Note: The inner packaging of dangerous goods must be placed into the designated cooler for shipment. Other nonregulated 

environmental samples may be added to the cooler for shipment. 

P When shipping from a DOE facility, the cooler will be surveyed by a qualified radiation control technician to ensure that 
radiation flux on exterior surfaces does not exceed 0.5 mrem/h on all sides. This survey will be documented and the 
results reviewed by the qualified shipper. 

P Complete the Dangerous �oods and �a�ardous Materials Inspection Checklist for Shipping Limited-�uantity (Appendix A). 
P Complete a Dangerous �oods Airbill. 
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3.0  Packaging and Shipping Samples Preserved with Sodium Hydroxide 
3.1  Containers 
The inner packaging container (and amount of preservative) that may be used for these shipments includes: 

Excepted Quantities of Sodium Hydroxide Preservatives 

Preservative 
Desired in Final 

Sample 
Quantity of Preservative (ml) for  

Specified Container 
pH Conc. 40 ml 125 ml 250 ml 500 ml 1 L 

NaO� 30� �12 0.08� .25 0.5 1 2
5 drops � 1 ml 

3.2  Responsibility 
It is the responsibility of the qualified shipper to determine the amount of preservative in each sample so that accurate 
determination of quantities can be made. 

Note: Responsibilities may vary from site to site. Therefore, all field team member responsibilities shall be defined in the field 
plan or site-/project-specific quality assurance project plan (�APP).  

3.3  Additional Required Equipment 
The following equipment is needed in addition to the required equipment listed in Section 1.3: 

P Outer packaging (for limited quantities) insulated cooler that has passed the ICAO drop test 
P Inner packings may consist of glass or plastic jars no larger than 1 pint 
P Survey documentation (if shipping from DOE or radiological sites) 
P Class 8 corrosive labels 
P Orientation labels 
P Consignor/consignee labels 

Figure 1 
Example of Cooler Label/Marking Locations 

Taped 
Drain 

Address Label 

Methanol Mixture 
UN1230
LTD. �T�.  

To:
From: 

Strapping 
Tape

Proper Shipping Name and UN Number 
Orientation Labels 

3 
Flammable  Liquid

�a�ard Class Label 
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3.4  Packaging Samples Preserved with Sodium Hydroxide 
Samples containing NaO� as a preservative that exceed the excepted concentration of 0.08 percent (2 ml of a 30 percent 
NaO� solution per liter) may be shipped as a limited quantity per packing instruction �819 of the IATA/ICAO Dangerous 
�oods Regulations. 

The following steps are to be followed when packaging limited-quantity samples shipments: 

P Tape any interior opening in the cooler (drain plug) from the inside to ensure control of interior contents. Also, tape the 
drain plug from the outside of the cooler. 

P All sample containers will be properly labeled and the label protected with waterproof tape before sampling. 
P At a minimum the label must contain: 

- Project name - Sample identification number 
- Project number - Collector’s initials 
- Date and time of sample collection 
- Sample location 

- Preservative (note amount of preservative used in miscellaneous section of 
the chain-of-custody form) 

P This step is optional; wrap each container in bubble wrap (secure with waterproof tape) to prevent breakage.  
P Place the bubble-wrapped container into a 2.7-mil �ip-type bag, removing trapped air. 
P Place glass containers inside a polyethylene bottle filled with vermiculite; seal the bottle. 
P The total volume of sample in each cooler must not exceed 1 liter. 
P Place sufficient amount of vermiculite in the bottom of the cooler to absorb any leakage that may occur. 
P Place a garbage bag in the cooler. 
P Pack the samples appropriately inside the garbage bag (bottles placed upright) to prevent movement during shipment. 
P Place sufficient amount of double-bagged ice around the samples to maintain the required temperature during shipment. 
P Seal the garbage bag by tieing or taping. 
P The maximum weight of the cooler shall not exceed 30 kg (66 lbs) for any limited-quantity shipment of dangerous goods. 
P Secure the chain-of-custody form (placed inside a �ip-type bag) to the interior of the cooler lid. 
P If the shipment is from a DOE or other facility, place the results of the radiation screen and cooler/sample survey with the 

chain-of-custody.
P Wrap strapping tape or duct tape around both ends of the cooler and around the cooler lid. 
P Affix custody seals to opposite sides of the cooler lid. Cover the custody seals with clear waterproof tape. 
P Mark the outside of the cooler with the proper shipping name of the contents, corresponding UN number, and LTD. �T�. 

(as shown below). 

Sodium Hydroxide Solution  
UN1824
LTD. QTY. 

P Place a label on the front of the cooler with the company name, contact name, phone number, full street address, and 
state with �ip code for both shipper and recipient. 

P Affix a Corrosive label to the outside of the cooler. 
P Affix package orientation labels on two opposite sides of the cooler. 
P Secure the marking and labels to the surface of the cooler with clear waterproof tape to prevent accidental removal during 

shipment.
P An example of cooler labeling/marking locations is shown in Figure 1. 

Note: Samples meeting the exception concentration of 0.08 percent NaO� by weight may be shipped as nonregulated 
or nonha�ardous following the procedure in Section 1.4. 

Note: No marking or labeling can be obscured by strapping or duct tape. 

Note: The inner packaging of dangerous goods must be placed into the designated cooler for shipment. Other 
nonregulated environmental samples may be added to the cooler for shipment. 
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P When shipping from a DOE facility, the cooler will be surveyed by a qualified radiation control technician to ensure that 
radiation flux on exterior surfaces does not exceed 0.5 mrem/h on all sides. This survey will be documented and the 
results reviewed by the qualified shipper. 

P Complete the Dangerous �oods and �a�ardous Materials Inspection Checklist for Shipping Limited-�uantity (Appendix A). 
P Complete a Dangerous �oods Airbill.

4.0  Packaging and Shipping Samples Preserved with Hydrochloric Acid 
4.1  Containers 
The inner packaging container (and amount of preservative) that may be used for these shipments includes: 
 

Excepted Quantities of Hydrochloric Acid Preservatives 

Preservative 
Desired in Final 

Sample 
Quantity of Preservative (ml) for 

Specified Container 
pH Conc. 40 ml 125 ml 250 ml 

�Cl 2N �1.96 0.04� .2 .5 1
5 drops � 1 ml

4.2  Responsibility 
It is the responsibility of the qualified shipper to: 

P Determine the samples undergoing shipment contain no other contaminant that meets the definition of ha�ardous 
material as defined by DOT 

P Determine the amount of preservative in each sample so that accurate determination of quantities can be made 

Note: Responsibilities may vary from site to site. Therefore, all field team member responsibilities shall be defined in the field 
plan or site-/project-specific quality assurance project plan (�APP).  

4.3  Additional Required Equipment 
The following equipment is needed in addition to the required equipment listed in Section 1.3. 

P Inner packing may consist of glass or plastic jars no larger than 1 pint. 
P Outer packaging (for limited quantities) insulated cooler that has passed the ICAO drop test. 
P Survey documentation (if shipping from DOE or radiological sites) 
P Class 8 corrosive labels 
P Orientation labels 
P Consignor/consignee labels 

4.4  Packaging Samples Preserved with Hydrochloric Acid 
The following steps are to be followed when packaging limited-quantity sample shipments: 

P Tape any interior opening in the cooler (drain plug) from the inside to ensure control of interior contents. Also, tape the 
drain plug from the outside of the cooler. 

P All sample containers will be properly labeled and the label protected with waterproof tape before sampling. 
P At a minimum the label must contain: 

- Project name - Sample identification number 
- Project number - Collector’s initials 
- Date and time of sample collection 
- Sample location 

- Preservative (note amount of preservative used in miscellaneous section of 
the chain-of-custody form) 

P Wrap each container (40-ml �OA vials) in bubble wrap (secure with waterproof tape) to prevent breakage.  
P Place the bubble-wrapped container into a 2.7-mil �ip-type bag, removing trapped air. 
P Place wrapped containers inside a polyethylene bottle filled with vermiculite; seal the bottle. (No more than 4 �OA vials 

will fit inside a 500-ml wide-mouth polyethylene bottle.) 
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P Total volume of sample inside each cooler must not exceed 1 liter. 
P Place sufficient amount of vermiculite in the bottom of the cooler to absorb any leakage that may occur. 
P Place a garbage bag in the cooler. 
P Pack the samples appropriately inside the garbage bag (bottles placed upright) to prevent movement during shipment. 
P Place sufficient amount of double-bagged ice around the samples to maintain the required temperature during shipment. 
P Seal the garbage bag by tieing or taping. 
P The maximum weight of the cooler shall not exceed 30 kg (66 lbs) for any limited-quantity shipment of dangerous goods. 
P Secure the chain-of-custody form (placed inside a �ip-type bag) to the interior of the cooler lid. 
P If the shipment is from a DOE or other facility, place the results of the radiation screen and cooler/sample survey with the 

chain-of-custody.
P Wrap strapping tape or duct tape around both ends of the cooler and around the cooler lid. 
P Affix custody seals to opposite sides of the cooler lid. Cover the custody seals with clear waterproof tape. 
P Mark the outside of the cooler with the proper shipping name of the contents, corresponding UN number, and LTD. �T�. 

(as shown below). 

Hydrochloric Acid Solution  
UN1789
LTD. QTY. 

P Place a label on the front of the cooler with the company name, contact name, phone number, full street address, and 
state with �ip code for both shipper and recipient. 

P Affix a Corrosive label to the outside of the cooler. 
P Affix package orientation labels on two opposite sides of the cooler. 
P Secure the marking and labels to the surface of the cooler with clear waterproof tape to prevent accidental removal during 

shipment.
P An example of cooler labeling/marking locations is shown in Figure 1. 

Note: Samples containing less than the exception concentration of 0.04 percent �Cl by weight will be shipped as 
nonregulated or nonha�ardous following the procedure in Section 1.4. 

Note: No marking or labeling can be obscured by strapping or duct tape. 

Note: The inner packaging of dangerous goods must be placed into the designated cooler for shipment. Other 
nonregulated environmental samples may be added to the cooler for shipment. 

P When shipping from a DOE facility, the cooler will be surveyed by a qualified radiation control technician to ensure that 
radiation flux on exterior surfaces does not exceed 0.5 mrem/h on all sides. This survey will be documented and the 
results reviewed by the qualified shipper. 

P Complete the Dangerous �oods and �a�ardous Materials Inspection Checklist for Shipping Limited-�uantity (Appendix A). 
P Complete a Dangerous �oods Airbill. 

5.0  Packaging and Shipping Samples Preserved with Nitric Acid 
5.1  Containers 
The inner packaging container (and amount of preservative) that may be used for these shipments includes: 

Excepted Quantities of Nitric Acid Preservatives 

Preservative 
Desired in Final 

Sample 
Quantity of Preservative (ml) for 

Specified Container 
pH Conc. 40 ml 125 ml 250 ml 500 ml 1 L 

�NO3 6N �1.62 0.15� 2 4 5 8
  5 drops � 1 mg/L 
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5.2  Responsibility 
It is the responsibility of the qualified shipper to: 

P Determine the samples undergoing shipment contain no other contaminant that meets the definition of ha�ardous 
material as defined by DOT 

P Determine the amount of preservative in each sample so that accurate determination of quantities can be made 

Note: Responsibilities may vary from site to site. Therefore, all field team member responsibilities shall be defined in the field 
plan or site-/project-specific quality assurance project plan (�APP).  

5.3  Additional Required Equipment 
The following equipment is needed in addition to the required equipment listed in Section 1.3: 

P Inner packings may consist of glass or plastic jars no larger than 100 ml. 
P Outer packaging (for limited quantities) insulated cooler that has passed the ICAO drop test. 
P Survey documentation (if shipping from DOE or radiological sites) 
P Class 8 corrosive labels 
P Orientation labels 
P Consignor/consignee labels 

5.4  Packaging Samples Preserved with Nitric Acid 
Samples containing �NO3 as a preservative that exceed the excepted concentration of 0.15 percent �NO3 will be shipped 
as a limited quantity per packing instruction �807 of the IATA/ICAO Dangerous �oods Regulations. 

The following steps are to be followed when packaging limited-quantity sample shipments: 

P Tape any interior opening in the cooler (drain plug) from the inside to ensure control of interior contents. Also, tape the 
drain plug from the outside of the cooler. 

P All sample containers will be properly labeled and the label protected with waterproof tape before sampling. 
P At a minimum the label must contain: 

- Project name - Sample identification number 
- Project number - Collector’s initials 
- Date and time of sample collection 
- Sample location 

- Preservative (note amount of preservative used in miscellaneous section of 
the chain-of-custody form) 

P This step is optional; wrap each container in bubble wrap (secure with waterproof tape) to prevent breakage.  
P Place the bubble-wrapped container into a 2.7-mil �ip-type bag, removing trapped air. 
P Place glass containers inside a polyethylene bottle filled with vermiculite; seal the bottle. 
P Place sufficient amount of vermiculite in the bottom of the cooler to absorb any leakage that may occur. 
P Place a garbage bag in the cooler. 
P Pack the samples appropriately inside the garbage bag (bottles placed upright) to prevent movement during shipment. 
P Place sufficient amount of double-bagged ice around the samples to maintain the required temperature during shipment. 
P Seal the garbage bag by tieing or taping. 
P The maximum volume of preserved solution in the cooler must not exceed 500 ml. 
P The maximum weight of the cooler shall not exceed 30 kg (66 lbs) for any limited-quantity shipment of dangerous goods. 
P Secure the chain-of-custody form (placed inside a �ip-type bag) to the interior of the cooler lid. 
P If the shipment is from a DOE or other facility, place the results of the radiation screen and cooler/sample survey with the 

chain-of-custody.
P Wrap strapping tape or duct tape around both ends of the cooler and around the cooler lid. 
P Affix custody seals to opposite sides of the cooler lid. Cover the custody seals with clear waterproof tape. 
P Mark the outside of the cooler with the proper shipping name of the contents, corresponding UN number, and LTD. �T�. 

(as shown below). 

Technical Standard Operating Procedures  Page 9 of 17 
TSOP 2-1.32807 

R2-0003639



SOP 2-1 
Packaging and Shipping Environmental Samples Revision: 3 

Date: March 2007 

Nitric Acid Solution (with less than 20 percent)  
UN2031
Ltd. Qty. 

P Place a label on the front of the cooler with the company name, contact name, phone number, full street address, and 
state with �ip code for both shipper and recipient. 

P Affix a Corrosive label to the outside of the cooler. 
P Affix package orientation labels on two opposite sides of the cooler. 
P Secure the marking and labels to the surface of the cooler with clear waterproof tape to prevent accidental removal during 

shipment.
P An example of cooler labeling/marking locations is shown in Figure 1. 

Note: Samples meeting the exception concentration of 0.15 percent �NO3 by weight will be shipped as nonregulated or 
nonha�ardous following the procedure in Section 1.4. 

Note: No marking or labeling can be obscured by strapping or duct tape. 

Note: The inner packaging of dangerous goods must be placed into the designated cooler for shipment. Other 
nonregulated environmental samples may be added to the cooler for shipment. 

P When shipping from a DOE facility, the cooler will be surveyed by a qualified radiation control technician to ensure that 
radiation flux on exterior surfaces does not exceed 0.5 mrem/h on all sides. This survey will be documented and the 
results reviewed by the qualified shipper. 

P Complete the Dangerous �oods and �a�ardous Materials Inspection Checklist for Shipping Limited-�uantity (Appendix A).
P Complete a Dangerous �oods Airbill. 

6.0  Packaging and Shipping Samples Preserved with Sulfuric Acid 
6.1  Containers 
The inner packaging container (and amount of preservative) that may be used for these shipments includes: 

Excepted Quantities of Sulfuric Acid Preservatives 

Preservative 
Desired in Final 

Sample 
Quantity of Preservative (ml) for 

Specified Container 
pH Conc. 40 ml 125 ml 250 ml 500 ml 1 L 

�2SO4 37N �1.15 0.35� .1 .25 0.5 1 2
 5 drops � 1 ml 

 
6.2  Responsibility 
It is the responsibility of the qualified shipper to: 

P Determine the samples undergoing shipment contain no other contaminant that meets the definition of ha�ardous 
material as defined by DOT 

P Determine the amount of preservative in each sample so that accurate determination of quantities can be made 

Note: Responsibilities may vary from site to site. Therefore, all field team member responsibilities shall be defined in the field 
plan or site-/project-specific quality assurance project plan (�APP).  

6.3  Additional Required Equipment 
The following equipment is needed in addition to the required equipment listed in Section 1.3: 
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P Inner packings may consist of glass or plastic jars no larger than 100 ml. 
P Outer packaging (for limited quantities) insulated cooler that has passed the ICAO drop test. 
P Survey documentation (if shipping from DOE or radiological sites) 
P Class 8 corrosive labels 
P Orientation labels 
P Consignor/consignee labels 

6.4  Packaging of Samples Preserved with Sulfuric Acid 
Samples containing �2SO4 as a preservative that exceed the excepted concentration of 0.35 percent will be shipped as a 
limited quantity per packing instruction �809 of the IATA/ICAO Dangerous �oods Regulations. 

The following steps are to be followed when packaging limited-quantity samples shipments: 

P Tape any interior opening in the cooler (drain plug) from the inside to ensure control of interior contents. Also, tape the 
drain plug from the outside of the cooler. 

P All sample containers will be properly labeled and the label protected with waterproof tape before sampling. 
P At a minimum the label must contain: 

- Project name - Sample identification number 
- Project number - Collector’s initials 
- Date and time of sample collection 
- Sample location 

- Preservative (note amount of preservative used in miscellaneous section of 
the chain-of-custody form) 

P Wrap each glass container in bubble wrap (secure with waterproof tape) to prevent breakage.  
P Place the bubble-wrapped container into a 2.7-mil �ip-type bag, removing trapped air. 
P Place glass containers inside a polyethylene bottle filled with vermiculite; seal the bottle. 
P Place sufficient amount of vermiculite in the bottom of the cooler to absorb any leakage that may occur. 
P Place a garbage bag in the cooler. 
P Pack the samples appropriately inside the garbage bag (bottles placed upright) to prevent movement during shipment. 
P Place sufficient amount of double-bagged ice around the samples to maintain the required temperature during shipment. 
P Seal the garbage bag by tieing or taping. 
P The maximum volume of preserved solution in the cooler must not exceed 500 ml. 
P The maximum weight of the cooler shall not exceed 30 kg (66 lbs) for any limited-quantity shipment of dangerous goods. 
P Secure the chain-of-custody form (placed inside a �ip-type bag) to the interior of the cooler lid. 
P If the shipment is from a DOE or other facility, place the results of the radiation screen and cooler/sample survey with the 

chain-of-custody.
P Wrap strapping tape or duct tape around both ends of the cooler and around the cooler lid. 
P Affix custody seals to opposite sides of the cooler lid. Cover the custody seals with clear waterproof tape. 
P Mark the outside of the cooler with the proper shipping name of the contents, corresponding UN number, and LTD. �T�. 

(as shown below). 

Sulfuric Acid Solution  
UN2796
LTD. QTY. 

P Place a label on the front of the cooler with the company name, contact name, phone number, full street address, and 
state with �ip code for both shipper and recipient. 

P Affix a Corrosive label to the outside of the cooler. 
P Affix package orientation labels on two opposite sides of the cooler. 
P Secure the marking and labels to the surface of the cooler with clear waterproof tape to prevent accidental removal during 

shipment.
P An example of cooler labeling/marking locations is shown in Figure 1. 
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Note: Samples containing less than the exception concentration of 0.35 percent �2SO4 by weight will be shipped as 
nonregulated or nonha�ardous in accordance with the procedure described in Section 1.4. 

Note: No marking or labeling can be obscured by strapping or duct tape. 

Note: The inner packaging of dangerous goods must be placed into the designated cooler for shipment. Other 
nonregulated environmental samples may be added to the cooler for shipment. 

P When shipping from a DOE facility, the cooler will be surveyed by a qualified radiation control technician to ensure that 
radiation flux on exterior surfaces does not exceed 0.5 mrem/h on all sides. This survey will be documented and the 
results reviewed by the qualified shipper. 

P Complete the Dangerous �oods and �a�ardous Materials Inspection Checklist for Shipping Limited-�uantity (Appendix A). 
P Complete a Dangerous �oods Airbill. 

7.0  Packaging and Shipping Limited-Quantity Radioactive Samples 
7.1  Containers 
The inner packaging containers that may be used for these shipments include: 

P Any si�e sample container  

7.2  Description/Responsibilities
P The qualified shipper will determine that the samples undergoing shipment contain no other contaminant that meets the 

definition of ha�ardous material as defined by DOT. 
P The qualified shipper will ship all samples that meet the Class 7 definition of radioactive materials and meet the activity 

requirements specified in Table 7 of 49 CFR 173.425, as Radioactive Materials in Limited �uantity. The qualified shipper 
will verify that all packages and their contents meet the requirements of 49 CFR 173.421, Li�ited ��antitie� o� 
�adioa�ti�e �aterial�.

P The packaging used for shipping will meet the general requirements for packaging and packages specified in 49 CFR 
173.24 and the general design requirements provided in 173.410. These standards state that a package must be capable 
of withstanding the effects of any acceleration, vibration, or vibration resonance that may arise under normal condition of 
transport without any deterioration in the effectiveness of the closing devices on the various receptacles or in the integrity 
of the package as a whole and without loosening or unintentionally releasing the nuts, bolts, or other securing devices 
even after repeated use.  

P If the shipment is from a DOE facility, radiological screenings will be completed on all samples taken. The qualified 
shipper will review the results of each screening (alpha, beta, and gamma speciation). Samples will not be shipped offsite 
until the radiological screening has been performed. 

P The total activity for each package will not exceed the relevant limits listed in Table 7 of 49 CFR 173.425. The A2 value of 
the material will be calculated based on all radionuclides found during previous investigations (if any) in the area from 
which the samples are derived. The A2 values to be used will be the most restrictive of all potential radionuclides as listed 
in 49 CFR 173.435.  

P The radiation level at any point on the external surface of the package bearing the sample(s) will not exceed 0.005 
mSv/hour (0.5 mrem/hour). These will be verified by dose and activity monitoring before shipment of the package.  

P The removable radioactive surface contamination on the external surface of the package will not exceed the limits 
specified in 49 CFR 173.443(a). CDM will apply the DOE-established free release criteria for removable surface 
contamination of less than 20 dpm/100 cm2 (alpha) and 1,000 dpm/100 cm2 (beta/gamma). It shall be noted that these 
values are more conservative than the DOT requirements for removable surface contamination.  

P The qualified shipper will verify that the outside of the inner packaging is marked “Radioactive.” 
P The qualified shipper will verify that the excepted packages prepared for shipment under the provisions of 49 CFR 

173.421 have a notice enclosed, or shown on the outside of the package, that reads, “This package conforms to the 
conditions and limitations specified in 49 CFR 173.421 for radioactive material, excepted package-limited 
quantity of material, UN2910.”
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Note: Responsibilities may vary from site to site. Therefore, all field team member responsibilities shall be defined in the 
field plan or site-/project-specific quality assurance project plan (�APP).  

7.3  Additional Required Equipment 
The following equipment is needed in addition to the required equipment listed in Section 1.3: 

P Survey documentation/radiation screening results (if shipping from DOE or radiological sites) 
P Orientation labels 
P Excepted quantities label 
P Consignor/consignee labels 

7.4  Packaging of Limited-Quantity Radioactive Samples 
The following steps are to be followed when packaging limited-quantity sample shipments: 

P The cooler is to be surveyed by a qualified radiation control technician to ensure that radiation flux on exterior surfaces 
does not exceed 0.5 mrem/h on all sides. This survey will be documented and the results reviewed by the qualified shipper. 

P Tape any interior opening in the cooler (drain plug) from the inside to ensure control of interior contents. Also, tape the 
drain plug from the outside of the cooler. 

P All sample containers will be properly labeled and the label protected with waterproof tape before sampling. 
P At a minimum the label must contain: 

- Project name - Sample location 
- Project number - Sample identification number 
- Date and time of sample collection - Collector’s initials 

P This step is optional; wrap each container in bubble wrap (secure with waterproof tape) to prevent breakage.  
P Place sufficient amount of vermiculite, or approved packaging material, in the bottom of the cooler to absorb any leakage 

that may occur. 
P Place a garbage bag in the cooler. 
P Pack the samples appropriately inside the garbage bag (bottles placed upright) to prevent movement during shipment. 
P If required, place a sufficient amount of double-bagged ice around the samples to maintain the required temperature 

during shipment. 
P Seal the garbage bag by tieing or taping. 
P Place a label marked Radioactive on the outside of the sealed bag. 
P Enclose a notice that includes the name of the consignor or consignee and the following statement: “This package 

conforms to the conditions and limitations specified in 49 CFR 173.421 for radioactive material, excepted 
package-limited quantity of material, UN2910.”

P Note that both DOT and IATA apply different limits to the quantity in the inside packing and in the outside packing. 
P The maximum weight of the package shall not exceed 30 kg (66 lbs) for any limited-quantity shipment of dangerous goods. 
P Secure the chain-of-custody form (placed inside a �ip-type bag) to the interior of the cooler lid. 
P If the shipment is from a DOE or other facility, place the results of the radiation screen and cooler/sample survey with the 

chain-of-custody.
P If a cooler is used, wrap strapping tape or duct tape around both ends of the cooler and around the cooler lid. 
P Affix custody seals to opposite sides of the cooler lid. Cover the custody seals with clear waterproof tape. 
P Place a label on the front of the cooler with the company name, contact name, phone number, full street address, and 

state with �ip code for both shipper and recipient. 
P Affix package orientation labels on two opposite sides of the cooler/package. 
P Affix a completed Excepted �uantities label to the side of the cooler/package. 
P Secure any marking and labels to the surface of the cooler with clear waterproof tape to prevent accidental removal 

during shipment. 
P An example of the cooler labeling/marking is shown in Figure 2. 

Note: No marking or labeling can be obscured by strapping or duct tape. 
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P Complete the Shipment �uality Assurance Checklist (Appendix �).  

Note: Except as provided in 49 CFR 173.426, the package will not contain more than 15 grams of 235U.
Note: A declaration of dangerous goods is not required. 

8.0  References 
U. S. Environmental Protection Agency. Region I�. February 1991 or current. �tandard ��erating �ro�ed�re� and ��alit� 
����ran�e �an�al.

����������. 1996 or current. �a��ler�� ��ide to t�e Contra�t Laborator� �rogra�, EPA/540/R-96/032.  

Title 49 Code of Federal Regulations, Department of Transportation. 2005 or current revision. �a�ardo�� �aterial� �able� 
��e�ial �ro�i�ion�� �a�ardo��� �aterial� Co���ni�ation�� ��ergen�� �e��on�e �n�or�ation� and �raining �e��ire�ent�,
49 CFR 172. 

Title 49 Code of Federal Regulations, Department of Transportation. 2005 or current revision. ��i��er� �eneral 
�e��ire�ent� �or ��i��ent� and �a�kaging�, 49 CFR 173. 

Exempted �uantities Label 

Taped
Drain 

To:
From: 

Orientation Labels

Limited �uantity Notice 

This package conforms to the conditions and 
limitations specified in 49 CFR 173.421 for 
Radioactive Material, excepted package -  
limited quantity of material, UN2910. 

Strapping 
Tape

Address Label 

Figure 2 
Radioactive Material – Limited-Quantity Cooler Marking Example 
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Appendix A 
Dangerous Goods and Hazardous Materials Inspection Checklist 

for Shipping Limited-Quantity 

Sample Packaging 

Yes No N/A  
The �OA vials are wrapped in bubble wrap and placed inside a �ip-type bag.

 The �OA vials are placed into a polyethylene bottle, filled with vermiculite, and tightly sealed. 
 The drain plug is taped inside and outside to ensure control of interior contents. 
 The samples have been placed inside garbage bags with sufficient bags of ice to preserve 

samples at 4 C.
 The cooler weighs less than the 66-pound limit for limited-quantity shipment. 
 The garbage bag has been sealed with tape (or tied) to prevent movement during shipment. 
 The chain-of-custody has been secured to the interior of the cooler lid. 
 The cooler lid and sides have been taped to ensure a seal. 
 The custody seals have been placed on both the front and back hinges of the cooler, using 

waterproof tape. 
 

Air Waybill Completion 

Yes No N/A 
 Section 1 has the shipper’s name, company, and address; the account number, date, 

internal billing reference number; and the telephone number where the shipper can be 
reached. 

 Section 2 has the recipient’s name and company along with a telephone number where they 
can be reached. 

 Section 3 has the Bill Sender box checked. 
 Section 4 has the Standard Overnight box checked. 
 Section 5 has the Deliver Weekday box checked. 
 Section 6 has the number of packages and their weights filled out. Was the total of all 

packages and their weights figured up and added at the bottom of Section 6� 
 Under the Transport Details box, the Cargo Aircraft Only box is obliterated, leaving only 

the Passenger and Cargo Aircraft box. 
 Under the Shipment Type, the Radioactive box is obliterated, leaving only the Non-

Radioactive box. 
 Under the Nature and Quantity of Dangerous Goods box, the Proper Shipping Name, 

Class or Division, UN or ID No., Packing Group, Subsidiary Risk, Quantity and Type of 
Packing, Packing Instructions, and Authorization have been filled out for the type of 
chemical being sent.  

 The Name, Place and Date, Signature, and Emergency Telephone Number appears at 
the bottom of the FedEx Airbill. 

 The statement “In accordance with IATA/ICAO” appears in the Additional Handling 
Information box. 

 The Emergency Contact Information at the bottom of the FedEx Airbill is truly someone 
who can respond any time of the day or night. 
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Proper Shipping Class or UN or ID Packing Sub Packing 
Name Division No. Group Risk Quantity Instruction Authorization

Hydrochloric Acid 
Solution

8 UN1789 II Y809 Ltd. Qty. 1 plastic box  0.5 L 

Nitric Acid Solution 
(with less than 20%) 

8 UN2031 II Y807 Ltd. Qty. 1 plastic box  0.5 L 

Sodium Hydroxide 
Solution

8 UN1824 II Y809 Ltd. Qty. 1 plastic box  0.5 L 

Sulfuric Acid 
Solution

8 UN2796 II Y809 Ltd. Qty. 1 plastic box  0.5 L 

Methanol 3 UN1230 II Y305 Ltd. Qty. 1 plastic box  1 L 

 

Sample Cooler Labeling 

Yes No N/A 
 The proper shipping name, UN number, and Ltd. Qty. appears on the shipping container. 
 The corresponding hazard labels are affixed on the shipping container; the labels are not 

obscured by tape. 
 The name and address of the shipper and receiver appear on the top and side of the 

shipping container. 
 The air waybill is attached to the top of the shipping container.  

Up Arrows have been attached to opposite sides of the shipping container. 
 Packaging tape does not obscure markings or labeling. 
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Appendix B 
Shipment Quality Assurance Checklist 

�ate�      Shipper�   �estination�  

Item(s) �escription�  

�adionuclide(s)�  

�adiological Survey �esults�  surface  mrem�hr  1 meter  

Instrument Used�  Mfgr�    Model�  

S�N�             �al �ate�  

Limited-Quantity or Instrument and Article 

Yes  No  
���  ��� 1.  Strong tight package (package that will not leak material during conditions normally incidental 

to transportation). 
���  ��� 2. �adiation levels at any point on the external surface of package less than or e�ual to 0.5 

mrem�hr. 
���  ��� 3. �emovable surface contamination less than 20 dpm�100 cm2 (alpha) and 1,000 dpm�100 cm2

(beta�gamma). 
���  ��� 4. Outside inner package bears the marking ��adioactive.� 
���  ��� 5. Package contains less than 15 grams of 235U (check yes if 235U not present). 
��� ��� 6. Notice enclosed in or on the package that includes the consignor or consignee and the 

statement, “This package conforms to the conditions and limitations specified in 49 
CFR 173.421 for radioactive material, excepted package-limited quantity of material, 
UN2910.”

���  ��� 7. Activity less than that specified in 49 ��� 173.425. Permissible package limit�            
     Package Quantity�              
���  ��� 8. On all air shipments, the statement Radioactive Material, excepted package-limited 

quantity of material shall be noted on the air waybill. 

Qualified Shipper�         Signature�  
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Prepared: Tim �ggert Technical Review:  Matt �rookshire 

QA Review: �o Nell Mullins Approved: 

E-Signed by Michael C. Malloy
VERIFY authenticity with ApproveIt

Issued: 

E-Signed by P. Michael Schwan
VERIFY authenticity with ApproveIt

Signature/Date 

Signature/Date 

1.0  Objective 
This standard operating procedure (SOP) presents guidance for the management of investigation-derived waste (I�� ). 
The primary ob�ectives for managing I��  during field activities include� 

P Leaving the site in no worse condition than existed before field activities 
P �emoving wastes that pose an immediate threat to human health or the environment 
P Proper handling of onsite wastes that do not re�uire offsite disposal or extended aboveground containerization 
P �omplying with federal, state, local, and facility applicable or relevant and appropriate re�uirements (A�A�s) 
P �areful planning and coordination of I��  management options 
P Minimizing the �uantity of I��  

2.0  Background 
2.1  Definitions 
Hazardous Waste - �iscarded material that is regulated listed waste, or waste that exhibits ignitability, corrosivity, 
reactivity, or toxicity as defined in 40 ��� 261.3 or state regulations. 

Investigation-Derived Wastes - �iscarded materials resulting from field activities such as sampling, surveying, drilling, 
excavations, and decontamination processes that, in present form, possess no inherent value or additional usefulness 
without treatment. � astes may be solid, sludge, li�uid, gaseous, or multiphase materials that may be classified as 
hazardous or nonhazardous. 

Mixed Waste - Any material that has been classified as hazardous and radioactive. 

Radioactive Wastes - �iscarded materials that are contaminated with radioactive constituents with specific activities in 
concentrations greater than the latest regulatory criteria (i.e., 10 ��� 20). 

Treatment, Storage, and Disposal Facility (TSDF) - Permitted facilities that accept hazardous waste shipments for 
further treatment, storage, and�or disposal. These facilities must be permitted by the U. S. �nvironmental Protection 
Agency (�PA) and appropriate state and local agencies. 

2.2  Discussion 
�ield investigation activities result in the generation of waste materials that may be characterized as hazardous or 
radioactive waste. I�� s may include drilling muds, cuttings, and purge water from test pit and well installation; purge water, 
soil, and other materials from collection of samples; residues from testing of treatment technologies and pump and treat 
systems; personal protective e�uipment (PP�); solutions (a�ueous or otherwise) used to decontaminate nondisposable 
protective clothing and e�uipment; and other wastes or supplies used in sampling and testing potentially hazardous or 
radiologically contaminated material.  

Note� The client�s representatives may not be aware of all potential contaminants. The management of I��  must comply 
with applicable regulatory re�uirements. 
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3.0  General Responsibilities 
Site Manager - The site manager is responsible for ensuring that all I��  procedures are conducted in accordance with 
this SOP. The site manager is also responsible for ensuring that handling of I��  is in accordance with site-specific 
re�uirements. 

Project Manager - The pro�ect manager is responsible for identifying site-specific re�uirements for the disposal of I��  in 
accordance with federal, state, and�or facility re�uirements. 

Field Crew Members - �ield crew members are responsible for implementing this SOP and communicating any unusual 
or unplanned condition to the pro�ect manager�s attention. 

Note� �esponsibilities may vary from site to site. Therefore, all field team member responsibilities shall be defined in the 
field plan or site�pro�ect specific �uality assurance plan.  

4.0  Required Equipment 
��uipment re�uired for I��  containment will vary according to site-specific�client re�uirements. Management decisions 
concerning the necessary e�uipment re�uired shall consider� containment method, sampling, labeling, maneuvering, and 
storage (if applicable). ��uipment must be onsite and inspected before commencing work.  

4.1  IDW Containment Devices 
The appropriate containment device (drums, tanks, etc.) will depend on site- or client-specific re�uirements and the 
ultimate disposition of the I�� . Typical I��  containment devices can include� 

P Plastic sheeting (polyethylene) with a minimum thickness of 20 millimeters 
P �epartment of Transportation (�OT)-approved steel containers 
P Polyethylene or steel bulk storage tanks  

�ontainment of I��  shall be segregated by waste type (i.e., solid or li�uid, corrosive or flammable, etc.) and source 
location. �olume of the appropriate containment device shall be site-specific.  

4.2  IDW Container Labeling 
A �� aste �ontainer� or �I��  �ontainer� label or indelible marking shall be applied to each container. Labeling or marking 
re�uirements for onsite I��  not expected to be transported offsite are� 

P Labels and markings that contain the following information� pro�ect name, generation date, location of waste origin, 
container identification number, sample number (if applicable), and contents (drill cuttings, purge water, PP�, etc.). 

P �ach label or marking will be applied to the upper one-third of the container at least twice, on opposite sides. 
P �ontainers that are 5 gallons or less may only re�uire one label or set of markings. 
P Labels or markings will be positioned on a smooth part of the container. The label must not be affixed across container 

bungs, seams, ridges, or dents. 
P Labels must be constructed of a weather-resistive material with markings made with a permanent marker or paint pen 

and capable of enduring the expected weather conditions. If markings are used, the color must be easily 
distinguishable from the drum color. 

P Labels will be secured in a manner to ensure the label remains affixed to the container. 

Labeling or marking re�uirements for I��  expected to be transported offsite must be in accordance with the 
re�uirements of 49 ��� 172. 

4.3  IDW Container Movement 
Staging areas for I��  containers shall be predetermined and in accordance with site-specific and�or client re�uirements. 
Arrangements shall be made before field mobilization as to the methods and personnel re�uired to safely transport I��  
containers to the staging area. Transportation offsite onto a public roadway is prohibited unless 49 ��� 172 
re�uirements are met. 
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4.4  IDW Container Storage 
�ontainerized I��  shall be staged pending chemical analysis or further onsite treatment. Staging areas and bulk storage 
procedures are to be determined according to site-specific re�uirements. �ontainers are to be stored in such a fashion 
that the labels can be easily read. A secondary�spill container must be provided for li�uid I��  storage and as appropriate 
for solid I��  storage. 

5.0  Procedures 
The three general options for managing I��  are (1) collection and onsite disposal, (2) collection for offsite disposal, and 
(3) collection and interim management. Attachment 1 summarizes media-specific information on generation processes 
and management options. The option selected shall take into account the following factors� 

P Type (soil, sludge, li�uid, debris), �uantity, and source of I��  
P �isk posed by managing the I��  onsite 
P �ompliance with regulatory re�uirements 
P I��  minimization and consistency with the I��  remedy and the site remedy 

In all cases the client shall approve the plans for I�� . �ormal plans for the management of I��  must be prepared as 
part of a work plan or separate document. 

5.1  Collection and Onsite Disposal 
5.1.1  Soil/Sludge/Sediment 
The options for handling soil�sludge�sediment I��  are as follows� 

1. �eturn to boring, pit, or source immediately after generation as long as returning the media to these areas will not 
increase site risks (e.g., the contaminated soil will not be replaced at a greater depth than where it was originally so 
that it will not contaminate �clean� areas). 

2. Spread around boring, pit, or source within the area of contamination (AO�) as long as returning the media to these 
areas will not increase site risks (e.g., direct contact with surficial contamination). 

3. �onsolidate in a pit within the AO� as long as returning the media to these areas will not increase site risks (e.g., the 
contaminated soil will not be replaced at a greater depth than where it was originally so that it will not contaminate 
�clean� areas).  

4. Send to onsite TS�� - may re�uire analytical analysis before treatment�disposal. 

Note� These options may re�uire client and�or regulatory approval. 

5.1.2  Aqueous Liquids 
The options for handling a�ueous li�uid I��  are as follows� 

1. �ischarge to surface water, only when I��  is not contaminated. 

2. �ischarge to ground surface close to the well, only if soil contaminants will not be mobilized in the process and the 
action will not contaminate clean areas. If I��  from the sampling of background upgradient wells is not a community 
concern or associated with soil contamination, this presumably uncontaminated I��  may be released on the ground 
around the well. 

3. �ischarge to sanitary sewer, only when I��  is not contaminated. 

4. Send to onsite TS�� - may re�uire analysis before treatment�disposal. 

Note� These options may re�uire analytical results to obtain client and�or regulatory approval. 
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5.1.3  Disposable PPE 
The options for handling disposable PP� are as follows� 

1. �ouble-bag contents in nontransparent trash bags and place in onsite industrial dumpster, only if PP� is not 
contaminated. 

2. �ontainerize, label, and send to onsite TS�� - may re�uire analysis before treatment�disposal. 

5.2  Collection for Offsite Disposal 
�efore sending to an offsite TS��, analysis may be re�uired. Manifests are re�uired. In some instances, a bill of lading 
can be used for nonhazardous solid I��  (i.e., wooden pallets, large �uantities of plastic sheeting). Arrangements must 
be made with the client responsible for the site to sign as generator on any waste profile and all manifests or bill of 
ladings; it is ��M�s policy not to sign manifests. The TS�� and transporter must be permitted for the respective wastes. 
Nonbulk containers (e.g., drums) must have a �OT-approved label adhered to the container and all re�uired associated 
placard stickers before leaving for a TS�� off site. These labels must include information as re�uired in 49 ��� 172. 
�ulk containers (i.e., rolloffs, tanks) do not re�uire container specific labels for transporting off site, but must include 
appropriate placards as re�uired in 49 ��� 172. 

5.2.1  Soil/Sludge/Sediment 
� hen the final site remedy re�uires offsite treatment and disposal, the I��  may be stored (e.g., drummed, covered in a 
waste pile) or returned to its source until final disposal. The management option selected shall take into account the 
potential for increased risks, applicable regulations, and other relevant site-specific factors (e.g., weather, storage space, 
and public concern�perceptions). 

5.2.2  Aqueous Liquids 
� hen the final site remedy re�uires offsite treatment and disposal, the I��  may be stored (e.g., mobile tanks or drums 
with appropriate secondary containment) until final disposal. The management option selected shall take into account the 
potential for increased risks, applicable regulations, and other relevant site-specific factors (e.g., weather, storage space, 
and public concern�perceptions). 

5.2.3  Disposable PPE 
� hen the final site remedy re�uires offsite treatment disposal, the I��  may be containerized and stored. The management 
option selected shall take into account potential for increased risks, applicable regulations, and other relevant site-specific
factors (e.g., weather, storage space, and public concern�perceptions). 

5.3  Collection and Interim Management 
All interim measures must be approved by the client and regulatory agencies. 

1. Storing I��  onsite until the final action may be practical in the following situations� 
- �eturning wastes (especially sludges and soils) to their onsite source area would re�uire reexcavation for disposal in 

the final remediation alternative. 
- Interim storage in containers may be necessary to provide ade�uate protection to human health and the environment. 
- Offsite disposal options may trigger land disposal regulations under the �esource �onservation and �ecovery Act 

(���A). Storing I��  until the final disposal of all wastes from the site will eliminate the need to address this issue 
more than once. 

- Interim storage may be necessary to provide time for sampling and analysis. 

2. Segregate and containerize all waste for future treatment and�or disposal. 
- �ontainment options for soil�sludge�sediment may include drums or covered waste piles in AO�. 
- �ontainment options for a�ueous li�uids may include mobile tanks or drums. 
- �ontainment options for PP� may include drums or roll-off boxes. 
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6.0  Restrictions/Limitations 
Site Managers Shall �etermine the Most Appropriate �isposal Option for A�ueous Li�uids on a Site-Specific �asis. 
Parameters to consider, especially when determining the level of protection, include the volume of I�� , the contaminants 
present in the groundwater, the presence of contaminants in the soil at the site, whether the groundwater or surface 
water is a drinking water supply, and whether the groundwater plume is contained or moving. Special disposal�handling 
may be needed for drilling fluids because they may contain significant solid components. 

�isposable sampling materials, disposable PP�, decontamination fluids, etc. will always be managed on a site-specific 
basis. Under No Circumstances Shall These Types of Materials Be Brought Back to the Office or Warehouse.

7.0  References 
�nvironmental �esource �enter. 1997. Hazardous Waste Management Compliance Handbook 2nd Edition. �arnofsky 
(�ditor). 
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Special Provisions, Hazardous, Materials Communications, Emergency Response Information, and Training Requirements,
49 ��� 172. 
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Attachment 1 

IDW Management Options 
Type of IDW Generation Processes Management Options 

Soil P � ell�Test pit installations 
P �orehole drilling 
P Soil sampling 

Onsite Disposal 
P �eturn to boring, pit, or source immediately after generation 
P Spread around boring, pit, or source within the AO� 
P �onsolidate in a pit (within the AO�) 
P Send to onsite TS�� 

Offsite Disposal 
P �lient to send to offsite TS�� 

Interim Management
P Store for future treatment and�or disposal 

Sludge�Sediment P Sludge pit�sediment sampling Onsite Disposal 
P �eturn to boring, pit, or source immediately after generation 
P Send to onsite TS�� 

Offsite Disposal 
P �lient to send to offsite TS�� 

Interim Management 
P Store for future treatment and�or disposal 

A�ueous Li�uids 
(groundwater, surface 
water, drilling fluids, 
wastewaters) 

P � ell installation�development 
P � ell purging during sampling 
P �roundwater discharge during 

pump tests 
P Surface water sampling 
P � astewater sampling 

Onsite Disposal 
P Pour onto ground close to well (nonhazardous waste) 
P �ischarge to sewer 
P Send to onsite TS�� 

Offsite Disposal 
P �lient to send to offsite commercial treatment unit 
P �lient to send to publicly owned treatment works (POT� ) 

Interim Management 
P Store for future treatment and�or disposal 

�econtamination �luids P �econtamination of PP� and 
e�uipment 

Onsite Disposal 
P Send to onsite TS�� 
P �vaporate (for small amounts of low contamination organic fluids) 
P �ischarge to ground surface 

Offsite Disposal 
P �lient to send to offsite TS�� 
P �ischarge to sewer 

Interim Management 
P Store for future treatment and�or disposal 

�isposable PP� and 
Sampling ��uipment 

P Sampling procedures or other 
onsite activities 

Onsite Disposal 
P Place in onsite industrial dumpster 
P Send to onsite TS�� 

Offsite Disposal 
P �lient to send to offsite TS�� 

Interim Management 
P Store for future treatment and�or disposal 

 
Adapted from U. S. �nvironmental Protection Agency, Guide to Management of Investigation-Derived Wastes, 9345-03�S, �anuary 1992. 
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1.0  Objective 
The ob�ective of this standard operating procedure (SOP) is to define the re�uirements for collecting soil, soil gas, 
groundwater, and pneumatic slug test data using the �eoprobe� sampling system. �eoprobe is a trade name proprietary to 
�eoprobe Systems of Salina, �ansas. 

2.0  Background 
2.1  Definitions 
Geoprobe - A hydraulically-operated hammer device installed on the back of a van, pickup truck, or skid used to advance a 
hollow-stem rod into the soil for the purpose of collecting soil, soil gas, or groundwater samples. 

Probe-Drive Sampler - A sampling device, similar to a split-spoon sampler, used to collect soil samples with a �eoprobe 
rig. Three types of soil samplers are available� standard 25- and 60-centimeter (cm) (10- and 24-inch) length sampler, dual 
tube (�T), and large bore (with an acetate liner) sampler. 

Extension Rod - Stainless steel rod used to remove stop-pin and drive-point assembly. 

Extension Rod Coupler - Stainless steel connector used to �oin sections of extension rods. 

Drive Point - Solid steel retractable point used to advance sample collection device to the re�uired sample depth. 

Probe Rod - Hollow, flush-threaded, steel rod similar to a drill rod. 

Stop-Pin - Steel plug that threads into the top of the drive cap to hold the drive point in place during advancement of the 
probe rods. 

Drive Cap - Threaded, hardened-steel top cap that attaches to the top of the probe rod; used when advancing the probe 
rods with the hydraulic hammer. 

Pull Cap - Threaded, hardened-steel top cap that attaches to the top of the probe rod; used when retracting the probe rods. 

Extruder Rack and Piston - A device used in con�unction with the �eoprobe to force soil sample volume out of the sample 
tube.

Screen Point Groundwater Sampler - A groundwater sampling device designed for use with the �eoprobe consisting of a 
well screen encased in a perforated stainless steel sleeve. 

Mill-Slotted Well Rod and Point - A groundwater sampling device designed for use with the �eoprobe consisting of a 
�eoprobe probe rod with 15-mil slots, each 5 cm long by 0.05 cm wide (2 inches long x 0.020 inches wide). 

Post-Run Tubing System (PRT) - The �eoprobe soil vapor sampling system uses disposable polyethylene or Teflon 
tubing (inserted into the probe rods at the desired sampling depth) and a vacuum. 
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Expendable Drive Point - Solid steel point attached to the end of the screen point groundwater sampler and P�T 
expendable point holder. 

Membrane Interface Probe (MIP) - A screening tool with semi-�uantitative capabilities acting as an interface between the 
volatile contaminates in the subsurface and gas phase detectors at the surface. The membrane is placed in a heated block 
attached to the probe. Heating the block accelerates diffusion of the contaminant through the membrane into the carrier gas, 
which flows up hole to the detectors. 

2.2  Associated Procedures 
P ��M �ederal SOP 1-2, Sample Custody
P ��M �ederal SOP 2-1, Packaging and Shipping Environmental Samples 
P ��M �ederal SOP 1-5, Groundwater Sampling Using a Bailer 
P ��M �ederal SOP 1-6, Water Level Measurements
P ��M �ederal SOP 2-1, Packaging and Shipping Environmental Samples
P ��M �ederal SOP 4-1, Field Logbook Content and Control 
P ��M �ederal SOP 4-3, Well Development and Purging
P ��M �ederal SOP 4-5, Field Equipment Decontamination

2.3  Discussion 
The �eoprobe unit consists of a hydraulically-operated hammer device mounted on the back of a van, a pickup truck or a 
skid (�igure 1). The �eoprobe system hydraulically advances small-diameter, hollow rods to the desired sampling depth. 
The specific type of �eoprobe sampling e�uipment for soil, soil gas, and groundwater collection is then employed. 

The use of �eoprobe technology may be a cost-effective alternative to using conventional drilling techni�ues for collecting 
subsurface soil, soil gas, and groundwater samples depending on the site-specific geologic and hydrogeologic conditions 
and sample re�uirements. The �eoprobe system is generally used to gather screening-level data. The site-specific 
sampling plans must consider such factors as soil types, presence of cobbles, depth to groundwater, �uantity and depth of 
samples, site access and topography, data �uality ob�ectives (�QOs), analytical re�uirements, and waste handling and 
disposal re�uirements before selecting the use of the �eoprobe. 

Advantages of using the �eoprobe Systems include� 

P Areas usually considered inaccessible by drill rigs because of overhead wires, steep slopes, size constraints, etc., may 
be accessed with a van-, pickup truck-, or skid-mounted �eoprobe. 

P Investigation-derived wastes such as soil cuttings and purge water are minimized with the �eoprobe due to its small 
diameter rods and its displacement of soil horizontally, not vertically. 

P Pneumatic slug testing is also an option when using the SP15�SP16 groundwater sampler. Analyses of these tests will 
yield hydraulic conductivity values for the surrounding a�uifer materials. 

A �eoprobe membrane interface probe (MIP) and integrated electrical conductivity (��) dipole combination can be 
deployed with direct push methods to discriminate variation in grain size and volatile organic contaminants (�O�s). As a 
result, lithologic changes and distribution of contaminants (chlorinated and nonchlorinated) can be determined in the 
subsurface.

�ost savings over conventional drilling techni�ues may be realized. The �eoprobe is rented�leased on a daily, weekly, or 
monthly basis for a fixed price as opposed to drilling subcontractors who are generally compensated based on the footage 
drilled. �or shallow probing, the �eoprobe may be hand- operated by field personnel rather than subcontractors. A cost 
evaluation based on pro�ect-specific re�uirements and site conditions shall be conducted to determine the most cost-
effective method for a particular pro�ect. 
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Two people are re�uired to operate the �eoprobe and conduct sampling and recordkeeping activities. Safety considerations 
shall be addressed when operating the �eoprobe. A safety hazard is present whenever the �eoprobe is operated. The 
hydraulic system operates with a fluid pressure of over 907 kilograms (kg) (2,000 pounds per s�uare inch �psi�). A leaking 
hose may produce a stream of hydraulic fluid with sufficient pressure to penetrate skin. Therefore, periodic checks of the 
hydraulic lines and hoses shall be conducted to ensure they are in good condition and connections are tight. �o not attempt 
to repair or tighten hoses with the engine running and the system under pressure. Use paper or cardboard to check for 
leaks. 

3.0  General Responsibilities 
Field Team Leader (FTL) - The field team leader (�TL) is responsible for ensuring that sampling efforts are conducted in 
accordance with this procedure, associated SOPs, and the site-specific plans. 

Sampling Personnel - �ield team members are responsible for conducting �eoprobe sampling events in accordance with 
this procedure, all associated SOPs, and re�uirements as described in the site-specific plans. 

Note� �esponsibilities may vary from site to site. Therefore, all field team member responsibilities shall be defined in the 
field plan or site��uality assurance pro�ect plan (QAPP). 

4.0  Required Equipment 
General
P Site-specific plans 
P �ield logbook, chain-of-custody forms, other forms for documenting sample shipment 
P Indelible black or blue ink pens and markers 
P Sample containers with labels and preservatives 
P Insulated coolers 
P �agged ice or �blue ice� 
P Plastic zip-top bags 
P � aterproof sealing tape 
P Temperature, conductivity, pH, dissolved oxygen, and turbidity meters (with clean beakers or other appropriate 

containers), as re�uired by the site-specific plans 
P Monitoring�screening instruments as re�uired by the site-specific health and safety plan or sampling plan 
P �econtamination supplies, as re�uired by SOP 4-5 
P Personal protective e�uipment (PP�), as re�uired by the site-specific health and safety plan (at a minimum, hard hat, 

steel-toed shoes, safety glasses, and hearing protection are re�uired) 
P Latex or appropriate gloves 
P �eoprobe rig (van, truck, or skid-mounted) with the following� 

- Probe rods 30-, 60-, and 90-cm (1-, 2-, and 3-foot �ft�) lengths 
- �xtension rods 30-, 60-, and 90-cm (1-, 2-, and 3-ft) lengths, couplers, and handle 
- Piston stop-pins (two each per rig, minimum) 
- �rive caps and pull caps (two each per rig, minimum) 
- �arbide-tipped drill bit for working in concrete- or asphalt-covered areas 
- O-rings 

Geoprobe Soil Sampling Equipment 
P �xtruder rack and piston (i.e., if soil is to be extruded into a sample container)  
P Assembled soil samplers (i.e., standard 25-cm or 60-cm �10-inch or 24-inch� sampler, �ual Tube ��T21 or 325�, and 

large bore sampler. The stainless steel sample tubes or acetate liners from these samplers may be individually sealed 
and shipped directly to the laboratory, as indicated in site-specific plans) 

P �efer to the �eoprobe Systems ��uipment and Tools �atalog �2005� for specific parts and accessories for each sampler 

Technical Standard Operating Procedures  Page 3 of 15 
TSOP 3-1.32807 

R2-0003658



SOP 3-1 
Geoprobe  Sampling �evision� 5 

�ate� March 2007 

Geoprobe Soil Gas Sampling Equipment 
P �xpendable drive points (one each per sample location, plus spares) 
P �xtension rod ram 
P 10 millimeter (mm) (3�8-inch) polyethylene (Teflon-lined) tubing and P�T adapter 
P �acuum or sampling system 
P Syringe  
P P�T adapter 
P P�T expendable point holder 

Geoprobe Groundwater Sampling Equipment 
P �xpendable drive points (one each per sample location, plus spares) 
P Mill-slotted well point or screen point groundwater sampler assemblies 
P �xtension rod ram 
P 10-mm (3�8-inch) polyethylene or Teflon-lined tubing 
P �heck valves (if using � aterra system) 
P Peristaltic pump (limited to shallow depths) 
P Mini-bailer (with thin nylon line) 

5.0  Procedures 
Procedures common to all three sampling methods are discussed below. 

�efore sampling� 
P �eview site-specific health and safety plan and pro�ect plans before initiating sampling activity. 
P Arrange utility clearance. 
P �econtaminate all �eoprobe e�uipment according to SOP 4-5, Field Equipment Decontamination.
P �on the appropriate PP� as dictated by the site-specific health and safety plan. 
P If the sampling site is in a concrete- or asphalt-covered area, drill a hole using the rotary function and a specially 

designed 3.75-cm or 5-cm (1.5-inch or 2.0-inch) diameter carbide-tipped drill bit. Otherwise, the area needs to be cleared 
of heavy underbrush and immediate overhead obstructions. 

After sampling is completed� 
P Thread the pull cap onto the top probe rod and retract the probe rods. 
P Seal the borehole with sand, neat cement, or bentonite grout, if necessary. 
P �ecord all appropriate data in the field logbook and on the chain-of-custody forms as outlined in ��M �ederal SOP 4-1, 

Field Logbook Content and Control and ��M �ederal SOP 2-1, Packaging and Shipping Environmental Samples.
P �econtaminate the sampling e�uipment according to ��M �ederal SOP 4-5, Field Equipment Decontamination.

5.1  Soil Sampling 
Assembly 

1. Assemble the sampling device as follows� 
P Screw the cutting shoe to the bottom end of the sample tube, unless using standard probe drive sampler which has 

a built-in cutting edge. 
P Screw the piston tip onto the piston rod. 
P Screw the drive head onto the top end of the sample tube. 
P If using Teflon liner, insert liner into sample tube. 
P Slide the piston rod into the sample tube, leaving the piston tip sticking out of the bottom end of the sample tube. 
P Screw the piston stop-pin onto the top end of the piston rod in a counter-clockwise direction. 

2. Attach the assembled sampler onto the leading probe rod. A 30-cm (12-inch) probe rod is recommended to start the 60-
cm (24-inch) standard and large bore samplers. 
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Probing 
3. Thread the drive cap onto the top of the probe rod and advance the sampler. �eplace the 30-cm (12-inch) rod with a 

90-cm (36-inch) rod as soon as the top of the sampler is driven to within 15 cm (6 inches) of the ground surface. 

4. Advance the sampler to the interval to be sampled using the hydraulic hammer. Add additional probe rods as necessary 
to reach the specified sampling depth. 

Stop-Pin Removal 
5. Move the probe unit back from the top of the probe rods and remove the drive cap. 

6. Lower the extension rods into the inside diameter of the probe rods using extension rod couplers to �oin the extension 
rods.

7. Attach the extension rod handle to the top extension rod and rotate the handle clockwise until the leading extension rod 
is screwed into the piston stop-pin. �ontinue to rotate the handle clockwise until the stop-pin disengages from the drive 
head.

8. �emove the extension rods and attached piston stop-pin from the probe rods. 

Interval Sampling 
9. �eplace the drive cap, mark the top probe rod with a marker or tape at a distance above the ground e�ual to the length 

of the sample tube (either 30 or 60 cm �12 or 24 inches�). 

10. Advance the probe rods using the hydraulic hammer the length of the sample tube (either 30 or 60 cm �12 or 24 inches�). 

11. �eplace the drive cap with the pull cap and retract the probe rod(s). Secure the rod(s) with a clamp or by hand during 
removal so they do not fall back down the resulting borehole. 

12. �etach the sampler from the lead probe rod, verifying that sufficient sample volume was recovered (Note� The length of 
sample contained within the tube is approximately e�ual to the length of exposed piston rod). 

13. �isassemble the sampler. If the sample is to be analyzed for �O�s, then the sample tube or liner shall be sealed 
immediately by placing a Teflon septa over the ends and covering them with plastic caps. 

14. If samples do not re�uire �O� analysis, they may be extruded from the sampler and transferred to the sample �ars 
specified in the site-specific plans or SOP 2-1, Packaging and Shipping Environmental Samples. Samples can be 
extruded by one of two methods� 

P Using the �eoprobe rig and the extruder rack (�igure 2), position the extruder rack on the foot of the �eoprobe 
derrick; insert the sample tube into the extruder rack with cutting end up; and position the extruder piston, pushing 
the sample out of the sample tube using the �probe� function. �atch the sample as it exits beneath the extruder in a 
sample �ar or stainless steel mixing bowl. 

Note� Samples to be collected for �O�s will be collected directly from the sample tube into the sample �ars. 

P Lightly tap the side of the sample tube with a hammer while also lightly pushing the Piston �od. 

15. Label the sample liner or sample �ars as re�uired, securing the label by covering it with a piece of clear, waterproof tape.

16. Homogenize the sample in a stainless steel bowl with a stainless steel spoon or spatula. Transfer the sample from the 
bowl to the sample container. 
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17. �lean the outside of the sample �ars and place individual samples into sealable bags and seal the closure. 

18. Place samples in a cooler containing ice according to SOP 2-1, Packaging and Shipping Environmental Samples.

Continuous Sampling 
The �T 21 is a direct push system for collecting continuous core samples of unconsolidated materials from within a sealed 
54 mm (2.15-inch) O.�. probe rods. Samples are collected and retrieved within a liner that is threaded onto the leading end 
of a string of �eoprobe 25mm (1-inch) O.�. rods inserted to the bottom of the outer casing.  

Other sizes are available (i.e., �T325) for maximum sample recovery (up to a 77-inch stroke allowing use of 60-inch probe 
rods and Macro-�ore� �M�5� samplers) depending on the type of direct push unit. 

5.2  Soil Gas Sampling 
Assembly 

1. Assemble the sampling device as follows (�igure 3)� 

P Test fit the adapter with the P�T expendable point holder or retractable point holder to ensure that threads are 
compatible and fit together smoothly. 

P Attach the P�T adapter to flexible tubing e�ual in length to the depth of sampling, with some additional tubing for 
sampling activities. 

P Secure the P�T adapter with a length of electrical tape and check the condition of the O-ring attached to the end of 
the P�T adapter. 

P Screw the P�T expendable point holder into the bottom of the lead probe rod. 

P Attach an expendable drive point to the bottom of the P�T expendable point holder. 

2. Attach the assembled sampler onto the leading probe rod. A 30-cm (12-inch) probe rod is recommended to start the 60-
cm (24-inch) standard and large bore samplers. 

Probing 
3. Thread the drive cap onto the top of the probe rod and advance the sampler. �eplace the 30-cm (12-inch) rod with a 

90-cm (36-inch) rod as soon as the top of the sampler is driven to within 15 cm (6 inches) of the ground surface. 

4. Advance the sampler to 30 cm (1 ft) past the interval to be sampled using the hydraulic hammer. Add additional probe 
rods as necessary to reach the specified sampling depth. 

5. �onnect the out-of-hole tubing to a vacuum or sampling system. A short section of inert silicon tubing may be connected 
to the end of the out-of-hole tubing so that a sample can be collected with a glass gas chromatograph (��) syringe. 

6. Start the vacuum or sampling system and allow the system to operate for 2 to 3 minutes to ensure that a sufficient 
volume of air has been run through the tubing. �ocument the depth, vacuum pressure, and purge duration in logbook. 
Note� Make sure the vacuum evacuation pump is able to pull vapors from the formation. �xcessive vacuum may occur 
in clay�clayey units resulting in insufficient sample volume. 

7. �ollect sample using the method specified in the site-specific plan. 

8. Label all sample containers as re�uired, securing the label by covering it with a piece of clear, waterproof tape. 
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9. �emove the tubing from the probe rods. �ispose of the tubing or set it aside for decontamination. 

10. �emove probe rod(s) from hole. Leave tubing in place for longer term monitoring. 

5.3  Groundwater Sampling 
Assembly 

1. Assemble the screen point groundwater sampler as shown on �igure 4 and described below (see �eoprobe Systems 
��uipment and Tools �atalog, �roundwater Sampling Tools, pp. 5.1-5.12)� 

P Push the screen insert and plug into the screen sleeve from the bottom. The bottom end has one drain hole. 

P Push the screen connector over the top end of the screen sleeve and push the screen connector pin into place. The 
pin must be held in place as it has a loose fit. 

P Insert the screen sleeve, screen connector first, into one end of the sampler sheath. 

P Slide the drive point seat over the end of the screen assembly that protrudes from the sampler sheath. Thread it in 
until tight using a 22-mm (7�8-inch) wrench. 

P Push the screen assembly �ust far enough into the sampler sheath that an expendable drive point can be pushed 
into place in the drive seat. 

P Screw the groundwater drive head with the O-ring end first into the open end of the sampler sheath. 

P O-rings are installed at various critical places in the sampler assembly. �nsure that all O-rings have not been worn 
and that the connections made at O-ring locations are tight. 

P The mill-slotted well point does not need any assembly. 

2. Attach the mill-slotted well point, or screen point groundwater sampler, onto the leading probe rod. A 30-cm (12-inch) 
probe rod is recommended to start either groundwater sampler. 

Probing 
3. Thread the drive cap onto the top of the probe rod and advance the sampler using either the hydraulic hammer or 

hydraulic probe mechanism on the �eoprobe rig. �eplace the 30-cm (12-inch) rod with a 90-cm (36-inch) rod as soon 
as the top of the sampler is driven to within 15 cm (6 inches) of the ground surface. 

4. Advance the sampler to the interval to be sampled using the hydraulic hammer. Add additional probe rods as necessary 
to reach the specified sampling depth. 

Developing and Sampling 
6. Move the probe unit back from the top of the probe rods and remove the drive cap. 

7. The next step varies depending on the type of sampler being used� 

P Mill-slotted well point - measure and record the water level, allowing time for the water level to reach e�uilibrium. 

P Screen point groundwater sampler - attach the pull cap to the top probe rod, retract the probe rods approximately 60 
cm (2 ft), push the screen into the formation using extension rods fitted with a ram, remove extension rods from the 
probe rods, and measure and record the water level, allowing time for the water level to reach e�uilibrium. 
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8. Surging and purging shall be conducted throughout the length of the exposed screen to properly develop the well point 
before sampling. 

9. Label all sample containers as re�uired, securing the label by covering it with a piece of clear, waterproof tape. 

10. �ollect groundwater samples using one of three methods (as outlined in site-specific plans) described below� 

P �ollect sample from the inside diameter of the probe rods using a decontaminated mini-bailer. �ollow ��M �ederal 
SOP 1-5, Groundwater Sampling Using a Bailer.

P �ollect sample using a peristaltic pump and flexible tubing system. 

P �ollect sample using a check valve (� aterra-type valve) attached to the bottom of 10-mm (3�8-inch) diameter tubing. 
The tubing is lowered into the probe rods below the top of the water table, check valve-end first. � ater sample is 
collected through the tubing by rapidly oscillating the tubing up and down creating an inertial pump. 

11. �lean the outside of the sample containers and place individual samples into sealable bags and seal closure. 

12. Place samples in a cooler containing ice according to SOP 2-1, Packaging and Shipping Environmental Samples.

5.4  Pneumatic Slug Testing 
Assembly 

1. Assemble the screen point groundwater sampler and the pneumatic manifold assembly as shown on �igure 5 (see 
�eoprobe Systems Technical �ulletin No. 19344). 

2. �e sure to accurately document all well construction parameters and site geologic information� 
P �ffective screen length (includes sand or filter pack) P True screen length 
P Height of water column in well P Screen radius 
P �adius of filter pack  P �asing radius 
P �adius of transducer and cable (for wells 1-inch diameter or less) P Static water level from a fixed reference point 
P �epth of transducer below static water level P Total depth of well from a fixed reference point
P Saturated thickness of the a�uifer P Initial head change 

3. Once the pneumatic head is in place, a vented pressure transducer assembly is installed. The transducer itself is 
inserted through the port on top of the pneumatic head and lowered into the well about 2-feet below the static water 
level and off the bottom of the well. 

4. Let the transducer e�uilibrate to ambient groundwater temperature and then zero out the transducer. 

Testing  
5. Set up slug test data ac�uisition software and select preferred options (refer to Technical �ulletin No. 19344). 

6. �lose inlet and release valves and close the pressure regulator on the manifold assembly. 

7. Ad�ust zero setting on pressure gauge, if needed. 

8. Operate foot pump to pressurize supply hose to approximately 30 to 40 pounds per s�uare inch (psi). 

9. Open inlet valve on pneumatic head. 
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10. Slowly open the pressure regulator. �rom the fully closed position it takes about five revolutions to begin opening the 
regulator. Observe the pressure gauge on the pneumatic head (scaled as inches of water). Let the pressure in the well 
head rise slowly to a few inches above the level desired for testing (e.g. if you want to initiate the slug test with H0 of 10 
inches let the gauge rise to about 12 inches). 

11. Quickly close the inlet valve and allow the pressure observed from the transducer in the well head to return to 
e�uilibrium and stabilize. �ecord the stabilized gauge pressure. The readings shall return to the levels noted before 
pressurization was started. 

12. Leak test the fittings on the pneumatic head and connection to the rods with a soapy fluid. Tighten fittings if necessary 
and retest. It is preferable to locate and correct any slow leaks before continuing with the slug test. 

13. Once the transducer readout is back to e�uilibrium and stable, the slug test is ready to initiate. The slug test is initiated 
by opening the release valve as �uickly as possible.  

14. A very rapid initial drop in the transducer readout (head) shall be observed as the air pressure is released. Then the rise
or recovery of the water level to the pre-test e�uilibrium level (baseline) will occur. Once the water level has returned to 
the pre-test level and is stable, the slug test is complete. 

15. It is strongly recommended that at least three slug tests are run using different initial head values (H0) to verify 
appropriate well performance and development. If there is significant deviation between the repeat tests, additional 
development of the well or sampler may be necessary.  

�eoprobe Systems has designed a simple user-friendly software package and data logger that allows ac�uisition and filing 
of pneumatic transducer data on a laptop computer. The data files are stored in AS�II format for easy export to spreadsheet 
and data analysis programs. The selection and application of the appropriate data analysis methods is beyond the scope of 
this SOP for field techni�ues. 

6.0  Restrictions/Limitations 
The �eoprobe sampling system is not designed for collecting large sample volumes, thereby limiting the number of 
analytical parameters. Soil sample recovery will be poor in soils with substantial amounts of gravel and�or cobbles. 
Production rates will vary substantially depending on sampling depths�intervals, subsurface conditions, and the platform 
used. However, a minimum of between 10 and 15 samples per day can be expected in most situations. 

The most efficient sampling depth is limited by the geologic and hydrogeologic conditions. Practical, efficient sampling 
depths shall be limited to approximately 6 meters (20 feet) under most conditions. However, sampling depths in excess of 
30 meters (100 feet) have been achieved in unconsolidated, homogeneous sandy soils using heavy duty platforms and 
M�5 tools. Attainable depths will be greatly reduced in more consolidated and indurated formations and in soils with gravel 
and cobbles. 

The presence of gravel and cobbles in soils will likely damage soil sampling tubes and possibly probe rods, couplers, stop-
pins, and other probing e�uipment. A sufficient supply of replaceable e�uipment shall be kept on site in the event of damage 
or breakdowns. �eplacement may be at the pro�ect�s - not the subcontractor�s - expense. A copy of the �eoprobe Systems 
��uipment and Tools �atalog shall also be kept on site; �eoprobe Systems provides overnight deliveries. 

�efore conducting the �eoprobe sampling event, underground utilities and structures must be demarcated on the ground 
surface. The local utility companies must be notified at least 72 hours before the scheduled sampling event to allow 
sufficient time to locate and mark the utility lines. The selected sampling location shall be a safe distance from the 
demarcated utility. In some cases, records regarding utility locations may not exist. In any event, a good practice is to slowly
push the probe rods the first few feet (rather than hammering) to ensure that no utilities, underground storage tanks, or 
other subsurface structures are present. 
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Figure 1 

Geoprobe® Unit 
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Figure 2 

Sample Extruder Rack 
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Figure 3 

PRT Soil Gas Sampling System 
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Figure 4 

Groundwater Sampling 
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Figure 5 

Pneumatic Slug Testing with an SP15/16 Groundwater Sampler 
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1.0  Objective 
The ob�ective of this standard operating procedure (SOP) is to set ��M �ederal (��M) criteria for content entry and form 
of field logbooks. �ield logbooks are an essential tool to document field activities for historical and legal purposes.  

2.0  Background 
2.1  Definitions 
Biota - The flora and fauna of a region. 

Magnetic Declination Corrections - �ompass ad�ustments to correct for the angle between magnetic north and 
geographical meridians. 

2.2  Discussion 
Information recorded in field logbooks includes field team names; observations; data; calculations; date�time; weather; 
and description of the data collection activity, methods, instruments, and results. Additionally, the logbook may contain 
deviations from plans and descriptions of wastes, biota, geologic material, and site features including sketches, maps, or 
drawings as appropriate. 

3.0  General Responsibilities 
Field Team Leader (FTL) - The �TL is responsible for ensuring that the format and content of data entries are in 
accordance with this procedure. 

Site Personnel - All ��M employees who make entries in field logbooks during onsite activities are re�uired to read this 
procedure before engaging in this activity. The �TL will assign field logbooks to site personnel who will be responsible for 
their care and maintenance. Site personnel will return field logbooks to the records file at the end of the assignment. 

Note� �esponsibilities may vary from site to site. Therefore, all field team member responsibilities should be defined in 
the field plan or site-�pro�ect-specific �uality assurance plan.  

4.0  Required Equipment 
P Site-specific plans P Indelible black or blue ink pen 
P �ield logbook P �uler or similar scale 

5.0  Procedures 
5.1  Preparation 
In addition to this SOP, site personnel responsible for maintaining logbooks must be familiar with all procedures 
applicable to the field activity being performed. These procedures should be consulted as necessary to obtain specific 
information about e�uipment and supplies, health and safety, sample collection, packaging, decontamination, and 
documentation. These procedures should be located at the field office or vehicle for easy reference. 

�ield logbooks shall be bound with lined, consecutively numbered pages. All pages must be numbered before initial use 
of the logbook. �efore use in the field, each logbook will be marked with a specific document control number issued by  
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the document control administrator, if re�uired by the contract �uality implementation plan (QIP). Not all contracts re�uire 
document control numbers. The following information shall be recorded on the cover of the logbook� 

P �ield logbook document control number (if applicable). P Start date of entries. 
P Activity (if the logbook is to be activity-specific), site 

name, and location. 
P Name of ��M contact and phone number(s) 
    (typically the pro�ect manager). 

P �nd date of entries. 
P In specific cases, special logbooks may be re�uired 

(e.g., waterproof paper for stormwater monitoring). 

The first few (approximately five) pages of the logbook will be reserved for a table of contents (TO�). Mark the first page 
with the heading and enter the following� 

Table of Contents 

�ate��escription       Pages  
(Start �ate)��eserved for TO�      1-5  

The remaining pages of the table of contents will be designated as such with �TO�� written on the top center of each 
page. The table of contents should be completed as activities are completed and before placing the logbook in the 
records file.

5.2  Operation 
�e�uirements that must be followed when using a logbook� 

P �ecord work, observations, �uantities of materials, calculations, drawings, and related information directly in the 
logbook. If data collection forms are specified by an activity-specific plan, this information does not need to be 
duplicated in the logbook. However, any forms used to record site information must be referenced in the logbook. 

P �o not start a new page until the previous one is full or has been marked with a single diagonal line so that additional 
entries cannot be made. Use both sides of each page. 

P �o not erase or blot out any entry at any time. Indicate any deletion by a single line through the material to be deleted. 
Initial and date each deletion. Take care to not obliterate what was written previously. 

P �o not remove any pages from the book. 

Specific re�uirements for field logbook entries include� 

P Initial and date each page. 
P Sign and date the final page of entries for each day. 
P Initial and date all changes. 
P Multiple authors must sign out the logbook by inserting the following� 
   Above notes authored by� 
  - (Sign name) 
  - (Print name) 
  - (�ate) 
P A new author must sign and print his�her name before additional entries are made. 
P �raw a diagonal line through the remainder of the final page at the end of the day. 
P �ecord the following information on a daily basis� 

- �ate and time 
- Name of individual making entry 
- Names of field team and other persons onsite 
- �escription of activity being conducted including station or location (i.e., well, boring, sampling location number) if  
   appropriate 
- � eather conditions (i.e., temperature, cloud cover, precipitation, wind direction, and speed) and other pertinent data 
- Level of personal protection used 
- Serial numbers of instruments 
- ��uipment calibration information 
- Serial�tracking numbers on documentation (e.g., carrier air bills) 
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�ntries into the field logbook shall be preceded with the time (written in military units) of the observation. The time should 
be recorded fre�uently and at the point of events or measurements that are critical to the activity being logged. All 
measurements made and samples collected must be recorded unless they are documented by automatic methods (e.g., 
data logger) or on a separate form re�uired by an operating procedure. In these cases, the logbook must reference the 
automatic data record or form. 

At each station where a sample is collected or an observation or measurement made, a detailed description of the 
location of the station is re�uired. Use a compass (include a reference to magnetic declination corrections), scale, or 
nearby survey markers, as appropriate. A sketch of station location may be warranted. All maps or sketches made in the 
logbook should have descriptions of the features shown and a direction indicator. It is preferred that maps and sketches 
be oriented so that north is toward the top of the page. Maps, sketches, figures, or data that will not fit on a logbook page 
should be referenced and attached to the logbook to prevent separation. 

Other events and observations that should be recorded include� 

P �hanges in weather that impact field activities. 
P �eviations from procedures outlined in any governing documents. Also record the reason for any noted deviation. 
P Problems, downtime, or delays. 
P Upgrade or downgrade of personal protection e�uipment. 
P �isitors to the site. 

5.3  Post-Operation 
To guard against loss of data as a result of damage or disappearance of logbooks, completed pages shall be periodically 
photocopied (weekly, at a minimum) and forwarded to the field or pro�ect office. Other field records shall be photocopied 
and submitted regularly and as promptly as possible to the office. � hen possible, electronic media such as disks and 
tapes should be copied and forwarded to the pro�ect office. 

At the conclusion of each activity or phase of site work, the individual responsible for the logbook will ensure that all 
entries have been appropriately signed and dated and that corrections were made properly (single lines drawn through 
incorrect information, then initialed and dated). The completed logbook shall be submitted to the records file. 

6.0  Restrictions/Limitations 
�ield logbooks constitute the official record of onsite technical work, investigations, and data collection activities. Their 
use, control, and ownership are restricted to activities pertaining to specific field operations carried out by ��M personnel 
and their subcontractors. They are documents that may be used in court to indicate dates, personnel, procedures, and 
techni�ues employed during site activities. �ntries made in these logbooks should be factual, clear, precise, and 
nonsub�ective. �ield logbooks, and entries within, are not to be used for personal use. 

7.0  References 
Sandia National Laboratories. 1991. Procedure for Preparing Sampling and Analysis Plan, Site-Specific Sampling Plan, and 
Field Operating Procedures, QA-02-03. Albu�uer�ue �nvironmental Program, �epartment 3220, Albu�uer�ue, New Mexico. 

Sandia National Laboratories. 1992. Field Operation Procedure for Field Logbook Content and Control. �nvironmental 
�estoration �epartment, �ivision 7723, Albu�uer�ue, New Mexico. 
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1.0  Objective 
The purpose of this standard operating procedure (SOP) is to provide standard guidelines and methods for photographic 
documentation, which include still and digital photography and videotape or ��� recordings of field activities and site 
features (geologic formations, core sections, lithologic samples, water samples, general site layout, etc.). This document 
shall provide guidelines designed for use by a professional or amateur photographer. This SOP is intended for 
circumstances when formal photographic documentation is re�uired. �ased on pro�ect re�uirements, it may not be 
applicable for all photographic activities.  

2.0  Background 
2.1  Definitions 
Photographer - A photographer is the camera operator (professional or amateur) of still photography, including digital 
photography, or videotape or digital versatile discs (���) recording whose primary function with regard to this SOP is to 
produce documentary or data-oriented visual media. 

Identifier Component - Identifier components are visual components used within a photograph such as visual slates, 
reference markers, and pointers. 

Standard Reference Marker - A standard reference marker is a reference marker that is used to indicate a feature size 
in the photograph and is a standard length of measure, such as a ruler, meter stick, etc. In limited instances, if a ruled 
marker is not available or its use is not feasible, it can be a common ob�ect of known size placed within the visual field 
and used for scale. 

Slates - Slates are blank white index cards or paper used to present information pertaining to the sub�ect�procedure 
being photographed. Letters and numbers on the slate will be bold and written with black indelible marking pens. 

Arrows and Pointers - Arrows and pointers are markers�pointers used to indicate and�or draw attention to a special 
feature within the photograph. 

Contrasting Backgrounds - �ontrasting backgrounds are backdrops used to lay soil samples, cores, or other ob�ects on 
for clearer viewing and to delineate features. 

Data Recording Camera Back - A data recording camera back is a camera attachment or built-in feature that will 
record, at the very least, frame numbers and dates directly on the film. 

2.2  Associated Procedures 
P ��M �ederal SOP 4-1, Field Logbook Content and Control

2.3  Discussion 
Photographs and videotape or ��� recordings made during field investigations are used as an aid in documenting and 
describing site features, sample collection activities, e�uipment used, and possible lithologic interpretation. This SOP is 
designed to illustrate the format and desired placement of identifier components, such as visual slates, standard 
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reference markers, and pointers. These items shall become an integral part of the �visual media� that, for the purpose of 
this document, shall encompass still photographs, digital photographs, videotape recordings (or video footage), and 
recordings on ���s. The use of a photographic logbook and standardized entry procedures are also outlined. These 
procedures and guidelines will minimize potential ambiguities that may arise when viewing the visual media and ensure 
the representative nature of the photographic documentation. 

3.0  General Responsibilities
Field Team Leader - The field team leader (�TL) is responsible for ensuring that the format and content of photographic 
documentation are in accordance with this procedure. The �TL is responsible for directing the photographer to specific 
situations, site features, or operations that the photographer will be responsible for documenting. 

Photographer - The photographer shall seek direction from the �TL and regularly discuss the visual documentation 
re�uirements and schedule. The photographer is responsible for maintaining a logbook per Sections 5.1, 5.2.4, and 5.3.1 
of this SOP. �esponsibilities will be defined in the pro�ect sampling plan. 

Note� �esponsibilities may vary from site to site. Therefore, all field team member responsibilities shall be defined in the 
field plan or site��uality assurance pro�ect plan (QAPP). 

4.0  Required Equipment 
A general list of e�uipment that may be used� 

P 35mm camera or disposable single use camera 
 (35mm or panoramic use) 

P Standard reference markers  
P Slates

P �igital camera 
P �xtra batteries for 35mm camera 

P Arrows or pointers 
P �ontrasting backgrounds 

P �ideo camera and appropriate storage media 
 (e.g., video tapes, ���s) 

P Medium speed, or multi purpose fine-grain, color, 35mm 
negative film or slide film (pro�ect dependent) 

P Logbook P �ata recording camera back (if available) 
P Indelible black or blue ink pen P Storage medium for digital camera 

5.0  Procedures 
5.1  Documentation 
A commercially available, bound logbook will be used to log and document photographic activities. �eview ��M �ederal 
SOP 4-1, Field Logbook Content and Control and prepare all supplies needed for logbook entries. 

Note� A separate photographic logbook is not re�uired. A portion of the field logbook may be designated as the 
photographic log and documentation section. 

Field Health and Safety Considerations 
There are no hazards that an individual will be exposed to specific to photographic documentation. However, site-specific 
hazards may arise depending on location or operation. Personal protective e�uipment used in this operation will be site-
specific and dictated through re�uirements set by the site safety officer, site health and safety plan, and�or prescribed by 
the ��M �ederal �orporate Health and Safety Program. The photographer should contact the site safety officer for 
health and safety orientation before commencing field activities. The site health and safety plan must be read before 
entry to the site, and all individuals must sign the appropriate acknowledgement that this has been done. 

The photographer should be aware of any potential physical hazards while photographing the sub�ect (e.g., traffic, low 
overhead hazard, edge of excavation). 

2  

R2-0003677



SOP 4-2 
Photographic Documentation of Field Activities �evision� 7 

�ate� March 2007 

5.2  Operation 
5.2.1  General Photographic Activities in the Field 
The following sections provide general guidelines that should be followed to visually document field activities and site 
features using still�digital cameras and video e�uipment. Listed below are general suggestions that the photographer 
should consider when performing activities under this SOP�  

P The photographer should be prepared to make a variety of shots, from close-up to wide-angle. Many shots will be 
repetitive in nature or format, especially close-up site feature photographs. �onsideration should therefore be given to 
designing a system or techni�ue that will provide a reliable repetition of performance. 

P All still film photographs should be made using a medium speed, or multi purpose fine-grain, color negative film in the 
35mm format unless otherwise directed by the �TL.  

P It is suggested that �odak brand ��ktapress �old �eluxe� film or e�uivalent be used as the standard film for the still 
photography re�uirements of the field activities. This film is stable at room temperature after exposure and will better 
survive the time lag between exposure and processing. It is suggested that film speed ASA 100 should be used for 
outdoor photographs in bright sunlight, ASA 200 film should be used in cloudy conditions, and ASA 400 film should be 
used indoors or for very low-light outdoor photographs. 

P No preference of videotape or ��� brand along with digital storage medium is specified and is left to the discretion of 
the photographer.  

P The lighting for sample and feature photography should be oriented toward a flat condition with little or no shadow. If 
the ambient lighting conditions are inade�uate, the photographer should be prepared to augment the light (perhaps 
with reflectors or electronic flash) to maintain the desired visual effect. 

P �igital cameras have multiple photographic �uality settings. A camera that obtains a higher resolution (�uality) has a 
higher number of pixels and will store a fewer number of photographs per digital storage medium. 

5.2.2  General Guidelines for Still Photography 
Slate Information 
It is recommended that each new roll of film or digital storage medium shall contain on the first usable frame (for film) a 
slate with consecutively assigned control numbers (a consecutive, uni�ue number that is assigned by the photographer 
as in sample numbers). 

Caption Information 
All still photographs will have a full caption permanently attached to the back or permanently attached to a photo log 
sheet. The caption should contain the following information (digital photographs should have a caption added after the 
photographs are downloaded)� 

P �ilm roll control number (if re�uired) and 
photograph se�uence number 

P �escription of activity�item shown (e.g., name of 
facility�site, specific pro�ect name, pro�ect number) 

P �ate and time P �irection (if applicable) 
P Photographer 

� hen directed by the sampling plan, a standard reference marker should be used in all documentary visual media. � hile 
the standard reference marker will be predominantly used in close-up feature documentation, inclusion in all scenes 
should be considered. 

�igital media should be downloaded at least once each day to a personal computer; the files should be in either ��P��� 
or �TI��� format. �iles should be renamed at the time of download to correspond to the logbook. It is recommended the 
electronic files be copied to a compact disc for backup.  

Close-Up and Feature Photography 
� hen directed by the sampling plan, close-up photographs should include a standard reference marker of appropriate 
size as an indication of the feature size and contain a slate marked with the site name and any identifying label, such as 
a well number or core depth, that clearly communicates to the viewer the specific feature being photographed. 
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�eature samples, core pieces, and other lithologic media should be photographed as soon as possible after they have 
been removed from their in situ locations. This enables a more accurate record of their initial condition and color. � hen 
directed by the sampling plan, include a standard reference color strip (color chart such as Munsell Soil �olor �hart or 
that available from �astman �odak �o.) within the scene. This is to be included for the benefit of the viewer of the 
photographic document and serves as a reference aid to the viewer for formal lithologic observations and interpretations. 

Site Photography 
Site photography, in general, will consist predominantly of medium- and wide-angle shots. A standard reference marker 
should be placed ad�acent to the feature or, when this is not possible, within the same focal plane.  

� hile it is encouraged that a standard reference marker and caption�slate be included in the scene, it is understood that 
situations will arise that preclude their inclusion within the scene. This will be especially true of wide-angle shots. In such
a case, the film�tape control number shall be entered in the photographic logbook along with the frame number and all 
other information pertinent to the scene.  

Panoramic
In situations where a wide-angle lens does not provide sufficient sub�ect detail, a single-use disposable panoramic 
camera is recommended. If this type of camera is not available, a panoramic series of two or three photos would be 
appropriate. Panoramas can provide greater detail while covering a wide sub�ect, such as an overall shot of a site. 

To shoot a panoramic series using a standard 35mm or digital camera, the following procedures are recommended� 

P Use a stable surface or tripod to support the camera 
P Allow a 20- to 30-percent overlap while maintaining a uniform horizon 
P �omplete two to three photos per series 

5.2.3  General Photographic Documentation Using Video Cameras 
As a reminder, it is not within the scope of this document to set appropriate guidelines for presentation or �show� 
videotape or ��� recording. The following guidelines are set for documentary videotape or ��� recordings only and 
should be implemented at the discretion of the site personnel. 

�ocumentary videotape or ��� recordings of field activities may include an audio slate for all scenes. At the beginning of 
each video session, an announcer will recite the following information� date, time (in military units), photographer, site I� 
number, and site location. This oral account may include any additional information clarifying the sub�ect matter being 
recorded.

A standard reference marker may be used when taking close-up shots of site features with a video camera. The scene 
may also include a caption�slate. It should be placed ad�acent and parallel to the feature being photographed. 

It is recommended that a standard reference marker and caption�slate be included in all scenes. The caption information 
is vital to the value of the documentary visual media and should be included. If it is not included within the scene, it 
should be placed before the scene.  

Original video recordings will not be edited. This will maintain the integrity of the information contained on the videotape 
or ���. If editing is desired, a working copy of the original video recording can be made. 

A label should be placed on the videotape or ��� with the appropriate identifying information (pro�ect name, pro�ect 
number, date, location, etc.). 

5.2.4  Photographic Documentation 
Photographic activities must be documented in a photographic logbook or in a section of the field logbook. The 
photographer will be responsible for making proper entries. 
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In addition to following the technical standards for logbook entry as referenced in ��M �ederal SOP 4-1, the following 
information should be maintained in the appropriate logbook� 

P Photographer name. 
P If re�uired, an entry shall be made for each new 

roll�tape���� control number assigned. 
P Se�uential tracking number for each photograph taken 

(for digital cameras, the camera-generated number may 
be used). 

P �ate and time (military time). 

P Location.
P A description of the activity�item photographed. 
P If needed, a description of the general setup, including 

approximate distance between the camera and the 
sub�ect, may be recorded in the logbook. 

P �ecord as much other information as possible to assist in 
the identification of the photographic document. 

5.3  Post Operation 
All film will be sent for development and printing to a photographic laboratory (to be determined by the photographer). 
The photographer will be responsible for arranging transport of the film from the field to the photographic laboratory. The 
photographer shall also be responsible for arranging delivery of the negatives and photographs, digital storage medium, 
or videotape or ��� to the pro�ect management representative to be placed in the pro�ect files. 

5.3.1  Documentation 
At the end of each day�s photographic session, the photographer(s) will ensure that the appropriate logbook has been 
completely filled out and maintained as outlined in ��M �ederal SOP 4-1. 

5.3.2  Archive Procedures 
P Photographs and the associated set of uncut negatives, digital media, and original unedited documentary video 

recordings will be submitted to the pro�ect files and handled according to contract records re�uirements. The pro�ect 
manager will ensure their proper distribution. 

P �ompleted pages of the appropriate logbook will be copied weekly and submitted to the pro�ect files.  

6.0  Restrictions/Limitations 
This document is designed to provide a set of guidelines for the field amateur or professional photographer to ensure that 
an effective and standardized program of visual documentation is maintained. 

It is not within the scope of this document to provide instruction in photographic procedures, nor is it within the scope of 
this document to set guidelines for presentation or �show� photography. 

The procedures outlined herein are general by nature. The photographer is responsible for specific operational activity or 
procedure. Questions concerning specific procedures or re�uirements should be directed to the pro�ect manager or �TL. 

Note� Some sites do not permit photographic documentation. �heck with the site contact for any restrictions. 

7.0  References 
U. S. Army �orps of �ngineers. 2001. Requirements for the Preparation of Sampling and Analysis Plans, �M 200-1-3. 
Appendix �. �ebruary. 

U. S. �nvironmental Protection Agency. 1992. National �nforcement Investigations �enter. Multi-Media Investigation 
Manual, �PA-330�9-89-003-�. p. 85. �evised March. 

����������. �egion I�. 2001. Environmental Investigations Standard Operating Procedures and Quality Assurance 
anual. Athens, �eorgia. November. M

5  

R2-0003680



 
 
 
 
 
 
 

TSOP 4-5 
 

FIELD EQUIPMENT DECONTAMINATION AT 
NONRADIOACTIVE SITES 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

R2-0003681



Field Equipment Decontamination at  
Nonradioactive Sites 

SOP 4-5 
�evision� 7 
�ate� March 2007 

Prepared: Steven �undingsland Technical Review: Mike Higman 

QA Review: �o Nell Mullins Approved: 

E-Signed by Michael C. Malloy
VERIFY authenticity with ApproveIt

Issued: 

E-Signed by P. Michael Schwan
VERIFY authenticity with ApproveIt

Signature/Date 

Signature/Date 

1.0  Objective 
The ob�ective of this standard operating procedure (SOP) is to describe the general procedures re�uired for 
decontamination of field e�uipment at nonradioactive sites. This SOP serves as a general guide and is applicable at most 
sites; however, it shall be noted that site-specific conditions (i.e., type of contamination, type of media sampled), the 
governing agency (e.g., �PA, �O�, USA��), and site-specific work plans, sampling and analysis plans and�or �uality 
assurance (QA) pro�ect plans may re�uire modifications to the decontamination procedures provided in this SOP. 
�econtamination of field e�uipment is necessary to ensure acceptable �uality of samples by preventing cross 
contamination. �urther, decontamination reduces health hazards and prevents the spread of contaminants offsite. 

2.0  Background 
2.1  Definitions 
Acid Rinse - A solution of 10 percent nitric or hydrochloric acid made from reagent grade acid and analyte-free water. 

Analyte-Free Water - Tap water that has been treated so that the water contains no detectable heavy metals or other 
inorganic compounds. Analyte-free water shall be stored only in clean glass, stainless steel, or plastic containers that can 
be closed when not in use. 

Clean - �ree of contamination and when decontamination has been completed in accordance with this SOP. 

Cross Contamination - The transfer of contaminants through e�uipment or personnel from the contamination source to 
less contaminated or noncontaminated samples or areas. 

Decontamination - The process of rinsing or otherwise cleaning the surfaces of e�uipment to rid them of contaminants 
and to minimize the potential for cross contamination of samples or exposure of personnel. 

Material Safety Data Sheets (MSDS) - These documents discuss the proper storage and physical and toxicological 
characteristics of a particular substance used during decontamination. These documents, generally included in site 
health and safety plans, shall be kept on site at all times during field operations. 

Organic-Free/Analyte-Free Water - Tap water that has been treated so that the water meets the analyte-free water 
criteria and contains no detectable organic compounds. Organic-free�analyte-free water shall be stored only in clean 
glass, Teflon� , or stainless steel containers that can be closed when not in use. 

Potable Water - Tap water may be obtained from any municipal system. �hemical analysis of the water source may be 
re�uired before it is used. 

Sampling Equipment - ��uipment that comes into direct contact with the sample media. Such e�uipment includes split 
spoon samplers, well casing and screens, and spatulas or bowls used to homogenize samples. 

Soap - Low-sudsing, nonphosphate detergent such as Li�uinox� . 

Solvent Rinse - Pesticide grade, or better, isopropanol, acetone, or methanol. 

1  

R2-0003682



SOP 4-5 Field Equipment Decontamination at  
�evision� 7 Nonradioactive Sites �ate� March 2007 

2.2  Associated Procedures
P ��M �ederal SOP 1-1 - Surface Water Sampling
P ��M �ederal SOP 1-3 - Surface Soil Sampling
P ��M �ederal SOP 1-4 - Subsurface Soil Sampling
P ��M �ederal SOP 1-5 - Groundwater Sampling Using Bailers
P ��M �ederal SOP 1-7 - Wipe Sampling
P ��M �ederal SOP 1-9 - Tap Water Sampling
P ��M �ederal SOP 1-11 - Sediment/Sludge Sampling
P ��M �ederal SOP 2-2 - Guide to Handling Investigation-Derived Waste
P ��M �ederal SOP 3-1 - Geoprobe  Sampling

3.0  Responsibilities 
The pro�ect manager or designee, generally the field team leader (�TL), ensures that field personnel are trained in the 
performance of this procedure and that decontamination is conducted in accordance with this SOP and site-specific work 
plans. The �TL may also be re�uired to collect and document rinsate samples (also known as e�uipment blanks) to 
provide �uantitative verification that these procedures have been correctly implemented. 
 
Note: �esponsibilities may vary from site to site. Therefore, all field team member responsibilities shall be defined in the 
field plan or site-�pro�ect-specific QA plan.  

4.0  Required Equipment 
P Stiff-bristle scrub brushes 
P Plastic buckets and troughs 
P Soap
P Nalgene or Teflon sprayers or wash bottles or 2- to 5-gallon, manual-pump sprayer (pump sprayer material must be 

compatible with the solution used) 
P Plastic sheeting, plastic bags, and�or aluminum foil to keep decontaminated e�uipment clean between uses 
P �isposable wipes, rags, or paper towels 
P Potable water� 
P Analyte-free water 
P Organic-free�analyte-free water 
P �loves, safety glasses, and other protective clothing as specified in the site-specific health and safety plan 
P High-pressure pump with soap dispenser or steam-spray unit (for large e�uipment only) 
P Appropriate decontamination solutions pesticide grade or better and traceable to a source (e.g., 10 percent and�or 1 

percent nitric acid �HNO3�, acetone, methanol, isopropanol, hexane) 
P Tools for e�uipment assembly and disassembly (as re�uired) 
P 55-gallon drums or tanks for temporary storage of decontamination water (as re�uired) 
P Pallets for drums or tanks holding decontamination water (as re�uired) 

� Potable water may be re�uired to be tested for contaminants before use. �heck field plan for re�uirements. 

5.0  Procedures 
All reusable e�uipment (nondedicated) used to collect, handle, or measure samples shall be decontaminated before 
coming into contact with any sampled media or personnel using the e�uipment. �econtamination of e�uipment shall 
occur either at a central decontamination station or at portable decontamination stations set up at the sampling location, 
drill site, or monitoring well location. The centrally located decontamination station shall include an appropriately sized 
bermed and lined area on which e�uipment decontamination shall occur and shall be e�uipped with a collection system 
and storage vessels. In certain circumstances, berming is not re�uired when small �uantities of water are being 
generated and for some short duration field activities (i.e., pre-remedial sampling). ��uipment shall be transported to and 
from the decontamination station in a manner to prevent cross contamination of e�uipment and�or area. Precautions 
taken may include enclosing augers in plastic wrap while being transported on a flatbed truck. 
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The decontamination area shall be constructed so that contaminated water is either collected directly into appropriate 
containers (5-gallon buckets or steel wash tubs) or within the berms of the decontamination area that then drains into a 
collection system. � ater from the collection system shall be transferred into 55-gallon drums or portable tanks for 
temporary storage. Typically, decontamination water shall be staged until sampling results or waste characterization 
results are obtained and evaluated and the proper disposition of the waste is determined (SOP 2-2, Guide to Handling 
Investigation-Derived Waste). The exact procedure for decontamination waste disposal shall be discussed in the work 
plan. Also, solvent and acid rinse fluids may need to be segregated from other investigation-derived wastes. 

All items that shall come into contact with potentially contaminated media shall be decontaminated before use and 
between sampling and�or drilling locations. If decontaminated items are not immediately used, they shall be covered 
either with clean plastic or aluminum foil depending on the size of the item. All decontamination procedures for the 
e�uipment being used are as follows� 

General Guidelines 

P Potable, analyte-free, and organic-free�analyte-free water shall be free of all contaminants of concern. �ollowing the 
field QA sampling procedure described in the work plan, analytical data from the water source may be re�uired. 

P Sampling e�uipment that has come into contact with oil and grease shall be cleaned with methanol or other approved 
alternative to remove the oily material. This may be followed by a hexane rinse and then another methanol rinse. 
�egulatory or client re�uirements regarding solvent use shall be stated in the work plan. 

P All solvents and acids shall be pesticide grade or better and traceable to a source. The corresponding lot numbers 
shall be recorded in the appropriate logbook.  

Note� Solvents and acids are potentially hazardous materials and must be handled, stored, and transported 
accordingly. Solvents shall never be used in a closed building. See the site-specific health and safety plan and�or the 
chemical�s MS�S for specific information regarding the safe use of the chemical. 

P �econtaminated e�uipment shall be allowed to air dry before being used. 

P �ocumentation of all cleaning and field QA sampling shall be recorded in the appropriate logbook. 

P �loves, boots, safety glasses, and any other personnel protective clothing and e�uipment shall be used as specified in 
the site-specific health and safety plan. 

5.1  Heavy Equipment Decontamination 
Heavy e�uipment includes drilling rigs, well development rigs, and backhoes. �ollow these steps when decontaminating 
this e�uipment� 

P �stablish a bermed decontamination area that is large enough to fully contain the e�uipment to be cleaned. If 
available, an existing wash pad or appropriate paved and bermed area may be used; otherwise, use one or more 
layers of heavy plastic sheeting to cover the ground surface and berms. All decontamination pads shall be upwind of 
the area under investigation. 

P � ith the rig in place, spray areas (rear of rig or backhoe) exposed to contaminated media using a hot water high-
pressure sprayer. �e sure to spray down all surfaces, including the undercarriage.  

P Use brushes, soap, and potable water to remove dirt whenever necessary. 

P �emove e�uipment from the decontamination pad and allow it to air dry before returning it to the work site. 

P �ecord the e�uipment type, date, time, and method of decontamination in the appropriate logbook. 
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P After decontamination activities are completed, collect all contaminated wastewater, plastic sheeting, and disposable 
gloves, boots, and clothing in separate containers or receptacles. All receptacles containing contaminated items must 
be properly labeled for disposal as detailed in the field plan. Li�uids and solids must be drummed separately. 

5.2  Downhole Equipment Decontamination 
�ownhole e�uipment includes hollow-stem augers, drill pipes, rods, stems, etc. �ollow these steps when 
decontaminating this e�uipment� 

P Set up a centralized decontamination area, if possible. This area shall be set up to collect contaminated rinse waters 
and to minimize the spread of airborne spray. 

P Set up a �clean� area upwind of the decontamination area to receive cleaned e�uipment for air-drying. At a minimum, 
clean plastic sheeting must be used to cover the ground, tables, or other surfaces on which decontaminated 
e�uipment is to be placed. All decontamination pads shall be upwind of any areas under investigation. 

P Place the ob�ect to be cleaned on aluminum foil or plastic-covered wooden sawhorses or other supports. The ob�ects 
to be cleaned shall be at least 2 feet above the ground to avoid splashback when decontaminating. 

P Using soap and potable water in the hot water high-pressure sprayer (or steam unit), spray the contaminated 
e�uipment. Aim downward to avoid spraying outside the decontamination area. �e sure to spray inside corners and 
gaps especially well. Use a brush, if necessary, to dislodge dirt. 

P If using soapy water, rinse the e�uipment using clean, potable water. If using hot water, the rinse step is not necessary if 
the hot water does not contain a detergent. If the hot water contains a detergent, this final clean water rinse is re�uired. 

P Using a suitable sprayer, rinse the e�uipment thoroughly with analyte-free water. 

P �emove the e�uipment from the decontamination area and place in a clean area upwind to air dry. 

P �ecord e�uipment type, date, time, and method of decontamination in the appropriate logbook. 

P After decontamination activities are completed, collect all contaminated wastewaters, plastic sheeting, and disposable 
gloves, boots, and clothing in separate containers or receptacles. All receptacles containing contaminated items must 
be properly labeled for disposal. Li�uids and solids must be drummed separately. 

5.3  Sampling Equipment Decontamination 
�ollow these steps when decontaminating sampling e�uipment� 

P Set up a decontamination line on plastic sheeting. The decontamination line shall progress from �dirty� to �clean.� A 
clean area shall be established upwind of the decontamination wash�rinse activities to dry the e�uipment. At a 
minimum, clean plastic sheeting must be used to cover the ground, table, or other surfaces that the decontaminated 
e�uipment is placed for drying. 

P �isassemble any items that may trap contaminants internally. �o not reassemble the items until decontamination and 
air drying are complete. 

P � ash the items with potable water and soap using a stiff brush as necessary to remove particulate matter and surface 
films. The items may be steam cleaned using soap and hot water as an alternative to brushing. Note: Polyvinyl chloride 
or plastic items shall not be steam cleaned. Items that have come into contact with concentrated and�or oily 
contaminants may need to be rinsed with a solvent such as hexane and allowed to air dry prior to this washing step. 

P Thoroughly rinse the items with potable water. 
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P If sampling for metals, thoroughly rinse the items with an acid solution (e.g., 10 percent nitric acid) followed by a rinse 
using analyte-free water. If sampling for organic compounds, thoroughly rinse the items with solvent (e.g., isopropanol) 
followed by a rinse using analyte-free water. The specific chemicals used for the acid rinse and solvent rinse phases 
shall be specified in the work plan. The acid rinsate and solvent rinsate must each be containerized separately. Acids 
and solvents are potentially hazardous materials and care must be exercised when using these chemicals to prevent 
adverse health affects (e.g., skin burns, irritation to the eyes and respiratory system). Appropriate personal protective 
e�uipment must be worn when using these chemicals. These chemicals (including spent rinsate) must be managed 
and stored appropriately. Special measures such as proper labels, paperwork, notification, etc. may be re�uired when 
transporting or shipping these chemicals. 

P �inse the items thoroughly using organic-free�analyte-free water.  

P Allow the items to air dry completely. 

P After drying, reassemble the parts as necessary and wrap the items in clean plastic wrap or in aluminum foil. 

P �ecord e�uipment type, date, time, and method of decontamination in the appropriate logbook. 

P After decontamination activities are completed, collect all contaminated waters, used solvents and acids, plastic 
sheeting, and disposable personal protective e�uipment. Place the contaminated items in properly labeled drums for 
disposal. Li�uids and solids must be drummed separately. �efer to site-specific plans for labeling and waste 
management re�uirements. 

5.4  Pump Decontamination 
�ollow the manufacturer�s recommendation for specified pump decontamination procedures. At a minimum, follow these 
steps when decontaminating pumps� 

P Set up the decontamination area and separate �clean� storage area using plastic sheeting to cover the ground, tables, 
and other surfaces. Set up four containers� the first container shall contain dilute (nonfoaming) soapy water, the 
second container shall contain potable water, the third container shall be empty to receive wastewater, and the fourth 
container shall contain analyte-free water. 

P The pump shall be set up in the same configuration as for sampling. Submerge the pump intake (or the pump, if 
submersible) and all downhole-wetted parts (tubing, piping, foot valve) in the soapy water of the first container. Place 
the discharge outlet in the wastewater container above the level of the wastewater. Pump soapy water through the 
pump assembly until it discharges to the waste container. Scrub the outside of the pump and other wetted parts with a 
metal brush. 

P Move the pump assembly to the potable water container while leaving discharge outlet in the waste container. All 
downhole-wetted parts must be immersed in the potable water rinse. Pump potable water through the pump assembly 
until it runs clear. 

P Move the pump intake to the analyte-free water container. Pump the water through the pump assembly. Pump the 
volume of water through the pump specified in the field plan. Usually, three pump-and-line-assembly volumes shall be 
re�uired. 

P �econtaminate the discharge outlet by hand, following the steps outlined in Section 5.3. 

P �emove the decontaminated pump assembly to the clean area and allow it to air dry upwind of the decontamination 
area. Intake and outlet orifices shall be covered with aluminum foil to prevent the entry of airborne contaminants and 
particles. 

P �ecord the e�uipment type, serial number, date, time, and method of decontamination in the appropriate logbook. 
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5.5  Instrument Probe Decontamination 
Instrument probes used for field measurements such as pH meters, conductivity meters, etc. shall be decontaminated 
between samples and after use with analyte-free, or better, water. 

5.6  Waste Disposal 
�efer to site-specific plans and SOP 2-2 for waste disposal re�uirements. The following are guidelines for disposing of 
wastes� 

P All wash water, rinse water, and decontamination solutions that have come in contact with contaminated e�uipment 
are to be handled, packaged, labeled, marked, stored, and disposed of as investigation-derived waste. 

P Small �uantities of decontamination solutions may be allowed to evaporate to dryness. 

P If large �uantities of used decontamination solutions shall be generated, each type of waste shall be contained in 
separate containers. 

P Unless otherwise re�uired, plastic sheeting and disposable protective clothing may be treated as solid, nonhazardous 
waste. 

P � aste li�uids shall be sampled, analyzed for contaminants of concern in accordance with disposal regulations, and 
disposed of accordingly. 

6.0  Restrictions/Limitations 
Nitric acid and polar solvent rinses are necessary only when sampling for metals or organics, respectively. These steps 
shall not be used, unless re�uired, because of the potential for acid burns and ignitability hazards. 

If the field e�uipment is not thoroughly rinsed and allowed to completely air dry before use, volatile organic residue, which 
interferes with the analysis, may be detected in the samples. The occurrence of residual organic solvents is often 
dependent on the time of year sampling is conducted. In the summer, volatilization is rapid, and in the winter, 
volatilization is slow. �heck with your �PA region, state, and client for approved decontamination solvents. 

7.0  References 
American Society for Testing and Materials. 2002. Standard Practice for Decontamination of Field Equipment at 
Nonradioactive Waste Sites, ASTM �5088-02. �anuary 10. 

�epartment of �nergy. Hazardous � aste �emedial Actions Program. 1996. Standard Operating Procedures for Site 
Characterization, �O��H� P-100��1. September. 

����������. Hazardous � aste �emedial Actions Program. 1996. Quality Control Requirements for Field Methods,
�O��H� P-69��2. September. 

U. S. �nvironmental Protection Agency. 1987. A Compendium of Superfund Field Operations Methods, �PA�540�P-
87�001.1.
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1.0 Objective 
The purpose of this standard operating procedure (SOP) is to define requirements for conducting a constant rate aquifer 
performance test (APT). 

2.0 Background 
Many different methods and techniques are performed to determine hydraulic properties of an aquifer (American Society 
for Testing and Materials 2004). The methods and techniques in this procedure are for a standard constant-rate 
withdrawal test to be conducted at a nonflowing well. APTs are commonly performed in wells that will ultimately be used 
to withdraw groundwater for an extended period of time. These wells are typically 6 inches or more in diameter and are 
used for purposes such as drinking water (a supply well), contaminated groundwater removal (a recovery well), and 
industrial processes (production well). However, tests can be run in other well types and sizes (e.g., a monitoring well 
that is 4 inches in diameter). The information collected during an APT is used for defining the hydraulic characteristics of 
the aquifer. Data collected during an APT can also be used to assess pump selection and water delivery piping. 

2.1 Definitions 
Pumping well - The well from which water is withdrawn during an APT. 

Observation well - A well that is used to monitor the groundwater level at some distance from the pumping well during 
an APT. 

St illing pipe - A small diameter (about 1 inch) pipe that is installed in the pumping well from the top of the pump to the 
surface; the transducer is placed in the pipe. 

2.2 Discussion 
In general, APTs consist of withdrawing water from a pumping well for a specified time period and monitoring the water 
level in the pumping well and observation wells. The recorded time-drawdown data are then reduced and analyzed to: 

• Determine the specific capacity and safe yield of the well 
• Calculate the properties (transmissivity [T] and storativity [S]) of the aquifer (T may be estimated from pumping well 

and observation well data; S may be estimated from observation well data) 
• Characterize the hydrogeologic framework at and near the investigation area 

These three items, or one of the items at a minimum, are typically evaluated with APT data. However, other ancillary but 
useful information (e.g., water quality changes under stressed conditions) may also be obtained from the APT data. 
During the planning stages of the APT, the objectives of the test shall be specified so that the necessary data to reach 
the objectives are collected when the test is performed. 

2.3 Associated SOPs 
• CDM Federal {CDM) SOP 1-6, Water Level Measurement 
• CDM SOP 1-10, Field Measurement of Organic Vapors 
• CDM SOP 2-2, Guide to Handling of Investigation-Derived Waste 
• CDM SOP 4-1, Field Logbook Content and Control 
• CDM SOP 4-4, Design and Installation of Monitoring Wells in Aquifers 
• CDM SOP 4-5, Field Equipment Decontamination at Nonradioactive Sites 

aiWI Technical Standard Operating Procedures 
TS0 P4-9.27o5.Sk 
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3.0 Roles and Responsibilities 
Site Manager- Translates client's requirements into technical direction of project. Sets technical criteria, reviews, and 
approves technical progress. Ensures that all participating personnel have proper training . Note: Other titles such as 
project manager may be used. 

Field Team leader (FTL)- Supervises field operations. Ensures that all necessary equipment, including safety 
equipment, is available and functioning properly before project operations begin. Ensures that all necessary personnel 
are mobilized on time. Maintains daily log of activities each work day. 

Field Geologist - Collects and maintains data. Coordinates and consults with site manager on decisions relative to 
unexpected encounters during testing and deviations from this SOP. Directs overall activities of testing procedures and 
support subcontractors. 

4.0 Required Equipment 
Water measuring and recording: 
• Pressure transducers and data logger 
• Personal computer for viewing and downloading data 
• Water level measuring device 
• Stopwatch 
• Field logbook 
• Decontamination equipment and supplies 
• Data on construction of the pumping well (depth to screen and screen length) 

Water pumping, treating, storing, and discharging: 
• Pump (sufficient capacity to withdraw at the required rate) with electric wiring 
• Discharge hosing/piping 
• Electrical source (e.g., generator) 
• Flowmeter with totalizer 
• Sampling valve 
• Water treatment unit (if required) 
• Water storage container (if required) 
• Ancillary equipment and supplies to install and/or operate the main equipment 

A field service subcontractor will typically be responsible for providing and operating the equipment for pumping, treating, 
storing, and discharging water. However, in some cases, it may be appropriate for the pumping, treating, storing, and/or 
discharging equipment to be provided and operated by those that also provide and operate the water measuring and 
recording equipment. The project requirements and structure will need to be evaluated to determine the most suitable 
arrangement for providing and operating the necessary equipment. 

5.0 Procedures 
An APT has five main components: 
• Preparation 
• Continuous background monitoring 
• Step-drawdown test 
• Long-term constant rate test 
• Discharge water management 

Sometimes only the long-term constant rate test is performed and the background monitoring and the step-drawdown 
tests are omitted. Therefore, the long-term test is sometimes referred to as an APT. 
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5.1 Preparation 
Adequate attention to the planning and design of the APT is a significant phase of the procedure and will ensure that 
useful results are produced (U.S. Geological Survey 1976, U.S. Environmental Protection Agency 1993). A planning 
meeting shall be held to identify the objectives of the APT and then the scope of the APT shall be developed. After the 
objectives are identified and the scope is developed, an APT plan shall be prepared that describes the procedures to be 
followed. The plan shall identify and describe the details to be followed for each component of the APT. 

5.2 Continuous Background Monitoring 
Water levels shall be collected continuously prior to performing the long-term test. Adjacent surface water bodies should 
also be monitored. The water levels shall be used to reduce and analyze the data collected during the long-term test. The 
background data is also useful in characterizing the hydrogeologic framework. 

Transducers/loggers shall be installed in the pumping well and the observation wells. Each transducer/logger shall be 
checked and set following the manufacturer's manual, including setting the internal clock to a common external standard. 
Each transducer shall be installed to a depth that does not exceed the working capacity of the transducer and where the 
water level will not drop below the transducer during ambient water level changes. After the selected depth is reached 
with the transducer: 

• Securely attach the cable to the well head and mark a reference point with electrical tape to allow verification that the 
transducer position does not change during the test 

• Read the depth of water using the transducer (note that the transducer may need to equilibrate with the water 
temperature following the manufacturer's specifications and recover from displacement of water caused by 
submersion of the transducer) 

• Collect a manual water level measurement from the well's measuring point 
• Begin recording water levels on a linearly rate of 1 reading per 30 minutes 

Transducers shall be programmed so that water level recording begins at the same time at each well. Having water 
levels recorded at the same time for each well simplifies the data reduction and evaluation activity contrasted to having 
water levels recorded at different times for different wells. 

Background water levels shall be recorded for 7 days. During the monitoring period, the transducers/loggers should be 
occasionally checked (e.g., check the transducers on day two and day five) to verify that the equipment is working 
properly. Manual water level measurements should be taken and recorded during this check. Replace any transducer 
that is identified to be not operating correctly. 

At the end of the monitoring period, stop the test recording and download the recorded data. 

Barometric pressure (BP) and precipitation shall be recorded during the background monitoring period. These two 
elements are commonly considered the main natural factors to impact groundwater levels. If publicly available data can 
be obtained from a weather station located nearby (within approximately 5 miles of the project), the data from that station 
may be used. BP and precipitation data shall also be recorded during the long-term test. 

5.3 Step Drawdown Test 
The step drawdown test (or simply, step test) is required to determine the constant pumping rate that will be used for the 
subsequent long-term test and to assess well efficiency. Step test data may also be used to evaluate the hydrogeologic 
characteristics. The step test is performed at the pumping well. In summary, the step drawdown test consists of pumping 
water from the well at short incrementally increased rates (steps) so that a withdrawal rate can be determined for the 
long-term test. 

A pump capable of yielding 1.5 times the estimated yield of the pumping well shall be installed to the specified depth. A 
vertical check valve will be placed in the discharge line immediately above the pump or intake to prohibit water from 
drainin into the well when the um in ceases. A 1-inch diameter ol in I chloride line will be laced in the well with 
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the bottom end open to a depth within 1 foot from the top of the pump. Several 'X-inch diameter holes should be drilled in 
the bottom 5 feet of this stilling pipe. The water level transducer will be installed in the pipe. After the pumping equipment 
and transducer are installed, the following steps will be followed: 

• Connect a flow meter/totalizer and sample tap with valve to the discharge line from the pump; direct the discharge line 
to the system to handle the water. Care must be taken to provide sufficient straight sections of pipe above and below 
the flow meter to obtain accurate measurements. Recent calibration certificates should be obtained for the flow meter. 

• Record the volumetric reading on the totalizer (Note: Prior to pumping and increasing pumping rate and after ending 
pumping, the volumetric reading should be recorded). 

• Measure and record the static water level in the pumping well. 
• Begin logging with the transducer and then start pumping water from the pumping well at a relatively low (approximately 

Y2 of the estimated yield) but steady rate (STEP 1); logging should be started approximately 2 to 5 seconds prior to 
starting pumping. Flow should be adjusted to maintain a constant rate, noting when changes are made. 

• Record the time at which pumping is started, using a clock that is synchronized with the transducer clocks, and the 
flow rate; check operation of the transducer. 

• Monitor the water level in the pumping well with the transducer and confirm periodically with manual measurements. 
• After approximately 1% hours, increase the pumping rate to approximately o/.. of the estimated yield, and continue to 

monitor the water level for approximately 2 hours (STEP 2). 
• Record the time at which the pumping rate is increased and the new flow rate; check operation of the transducer. 
• Approximately 2 hours after increasing the pumping rate for STEP 2, increase the pumping rate to approximately 

equal to the estimated yield, and continue to monitor the water level for approximately 2 hours (STEP 3). 
• Record the time at which the pumping rate is increased and the new flow rate. 
• Approximately 2 hours after increasing the pumping rate for STEP 3, increase the pumping rate to approximately 1.5 x 

the estimated yield, and continue to monitor the water level for approximately 2 hours (STEP 4 ). 
• Record the time at which the pumping rate is increased and the new flow rate. 
• Shut off the pump at the end of STEP 4 (maximum of 8 hours has elapsed since pumping started at the beginning of 

the test) and download data. The transducer should continue recording during the recovery period. 

A step test is dynamic. During each step the operator will gain more information on how the well's water level responds to 
specified pumping rates. The estimated increases identified above for each step should only be used as a guide. Each 
successive increase should be based on the operator's general understanding of well hydraulics, observations made 
while installing and developing the well, and on the well's response during the previous step(s). The goal, in summary, is 
to achieve the well yield at STEP 3 and exceed the well yield at STEP 4. 

During the test, water levels at the pumping well shall be recorded logarithmically following the recommended schedule in 
the following chart. Typical data loggers have default sample intervals except for the largest sample interval, which is set 
by the user (in the table below, the 1 0-minute sample interval is set by the user). The default sample intervals shall be 
equal to or similar to the table below. 

"·l:JogCycle Elapse'Q,ITithe Sample Interval >:.ifiif' .Points/Cycle ' 
1 0 to 20 seconds 0.2 second 101 
2 20 to 60 seconds 1 second 40 
3 1 to 10 minutes 10 seconds 54 
4 10 to 100 minutes 2 minutes 45 
5 100 to 1,000 minutes 10 minutes 90 

The drawdown-time data shall be plotted semi-logarithmically. The drawdown (y-axis) shall be plotted on a linear scale and 
time (x-axis) shall be plotted on a logarithmic scale. The drawdown curves shall be extrapolated to the specified time of the 
proposed long-term test. The rate that results in the maximum drawdown without dropping the water level below the design 
pumping level within the time period of the long-term test shall be considered the flow rate to be used for the long-term test. 
The specific capacity versus pumping rate should also be plotted to determine if excessive well losses occur at the selected 
rate. 

Page 4 of 7 
TSOP4-9.2705.SI< 

R2-0003692



5.4 Long-Term Constant Rate Test 
The long-term constant rate test will be performed at the pumping well. Water levels will be monitored in the pumping well 
and the observation wells. The same pumping equipment used for the step test will be used for the long-term test. BP 
and precipitation shall be recorded during the long-term test. If publicly available data can be obtained from a weather 
station located nearby (within approximately 5 miles of the project), the data from that station may be used. Adjacent 
surface water bodies should also be monitored if the surface water is potentially connected to the groundwater system. 

The time interval for the long-term constant rate test shall be specific to the project. However, at a minimum, a confined 
aquifer should be pumped for 24 hours and an unconfined aquifer to be pumped for 72 hours (American Water Works 
Association 1997). The project objectives will need to be reviewed and aquifer test solution requirements considered so 
that the correct pumping period is selected. The following steps shall be followed to conduct the long-term test after the 
step test is completed. 

• Install transducers in the pumping well and the observation wells (note that transducers can be installed in observation 
wells prior to the day the long-term test starts). 

• Read the water level depths with the transducers and record the values; measure and record the static water levels 
with the electronic water level meter from the wells' measuring points. 

• Record the volumetric reading on the totalizer. 
• Begin logging water level data with the transducers and then start pumping at the predetermined rate (determined 

based on the step-drawdown test results). 
• Periodically monitor discharge rate and transducers; maintain constant pumping rate. 
• Stop pumping at the end of the specified time, record volumetric reading on the totalizer. 
• Continue to record water level data with transducers until the water level in the pumping well has recovered so that 

sufficient data are collected to adequately analyze the recovery or a maximum of 24 hours has elapsed. 

The water level data will be transferred to disk form so that it may be reduced, analyzed, and put into report format. 

The water levels in the wells will be recorded logarithmically following the recommended schedule in the following chart: 

When the pump is shut off and recovery begins, a new logarithmic series will be started for the transducer in the pumping 
well. The series shall be started 1 to 5 seconds prior to ending the pumping activity. The transducers in the observation 
wells will continue to monitor on the first logarithmic cycle series. If the aquifer is expected to recover quickly, the 
observation well transducers may also be restarted on a new series. Data will be recorded until the water level in the 
pumping well has returned so that sufficient data are collected to adequately analyze the recovery or until a maximum of 
24 hours has elapsed. A manual water level measurement shall be collected from the wells, measuring points, and a 
reading should be taken with the transducers during recovery. 

At the conclusion of the recovery test, the data logging shall be stopped at each well and the transducers shall be removed 
and the data downloaded. 

5.5 Discharge Water Management 
The water pumped from the well shall be discharged and managed following the plan specific to the project. Several 
methods may be used to handle the discharge water from an APT. The water may be discharged: 
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• Directly to the ground surface or a water body, if permitted by the regulatory agencies. Such discharge should be at a 
sufficient distance from the pumping and observation wells so that the test is not impacted if water infiltrates to the aquifer. 

• To a holding tank, sampled and analyzed after the test, and then released to the ground surface or water body after 
analytical results prove that discharge requirements are met. 

• To a unit designed and constructed to treat the water to meet discharge criteria; treated and then released to the ground 
surface or water body. 

Also, a combination of the three options above may be used. Other discharge options may also be available and followed. 

In summary, several different methods are typically available to handle discharge water. The governing agency shall be 
contacted so that required water handling practices are followed and discharge criteria are met. 

6.0 Data Reduction and Analysis 
The data sets from an APT are typically very robust. The data may be reduced and analyzed to: 

• Determine the specific capacity and safe yield of the well 
• Calculate the properties (T and S) of the aquifer 
• Characterize the hydrogeologic framework at and near the investigation area 

These three items, or one of the items at a minimum, are typically evaluated with APT data. Other pumping test data may 
also be available and evaluated. 

APT data are recommended to be analyzed with corv..Pnuter software; however, data may also be analyzed manually. The 
COM groundwater modeling tool kit contains Aquifer 'n3

2
, which is a program that may be used to assist in analyzing test 

data. Other programs are also available. Software packages are useful since they can be used to manage a significant 
amount of data in short time periods and contain many different confined and unconfined test solutions. The trained user 
can use tbese benefits to generate detailed response curve graphs, precise hydraulic values, and insights into the 
hydrogeologic framework near the well. Regardless of the analytical method employed or whether the data is analyzed 
manually or by computer, the analyst should review the original technical paper or textbook summary of the method in order 
to understand the mechanics and assumptions underlying the method prior to attempting any analysis and verify the 
method is appropriate for the site conditions. 

APT data analyses and hydraulic property calculations shall be performed by an experienced professional, documented 
in a calculation brief, and reviewed. Data analysis and parameter calculations are beyond the scope of this SOP and, 
therefore, are not discussed here. 

7. 0 Restrictions/Limitations 
This procedure describes the standard steps used to conduct a constant rate APT. Since APTs are complex and project 
objectives and site requirements vary, not every step or possible method was incorporated into the procedure. 

A planning meeting shall be held to identify the objectives of the APT, then the scope of the APT shall be developed. After 
the objectives are identified and the scope is developed, an APT plan shall be prepared that describes the project-specific 
procedures to be followed. The plan shall describe the details to be followed for each component of the APT. The objectives 
of the test shall be specified so that the necessary data to reach the objectives are collected when the test is performed. 

8.0 References 
American Society for Testing and Materials. 2004. Standard Guide for Selection of Aquifer Test Method in Determining 
Hydraulic Properties by Well Techniques. D 4043-96 (Reapproved 2004). 

~....,-____,.,--=,_· 2002. Standard Test Method (Field Procedure) for W ithdrawal and Injection Well Tests for Determining 
Hydraulic Properties of Aquifer Systems. D 4050-96 (Reapproved 2002). 
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American Water Works Association. 1997. AWWA Standard for Water Wells {ANSI/AWWA A 100-97). 

Environmental Simulations, Inc. 2000. Guide to Using Aquiferw;n32
. 

U. S. Environmental Protection Agency. 1993. Ground Water Issue Suggested Operating Procedures for Aquifer 
Pumping Tests (EPA/540/S-93/503). February. 

U.S. Geological Survey. 1976. Techniques of Water-Resources Investigations of the United States Geological Survey 
(Chapter 81 Aquifer Test Design, Observation and Data Analysis). 
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A "f T t D t ~qUI er es a a 
Project Name: Date: 

Pumped Well ID: Weather: 

Observation Weii iD: Personnel: 

Well locations (provide sketch or attach map): 

Include: Scale/dimensions, north arrow, and significant features (e.g. , surface water) 
This sheet records data for (well/D): 

Measuring Point: (e.g., notch or inner casing) 

Static Water Level: (feet below measuring point [ft BMP]) 

Static Water Level Date: Time: 

Interval Open/Screened to Aquifer {ft BMP): 

Pump Setting Depth (ft BMP): 

Pump Model: Serial No.: 

Flow Meter Model: Serial No.: 

Logger/Transducer Model: Serial No.: 

Totalizer Reading before Pumping: 

Date/Time Pumping Started: 

Discharge Rate (gpm): 

*Use more sheets if more rows are needed. 

DatefTime pumping ended: --------------------

Totalizer reading at end of pumping: - ----------------

(One sheet to be completed for each well) 
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Prepared: �ave �ohnson Technical Review:  Steve �uthrie 

QA Review: �o Nell Mullins Approved: 

E-Signed by Michael C. Malloy
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Signature/Date 

1.0  Objective 
The ob�ective of this standard operating procedure (SOP) is to establish the baseline re�uirements, procedures, and 
responsibilities inherent to the control and use of all measurement and test e�uipment (M�T�). �ontractual obligations 
may re�uire more specific or stringent re�uirements that must also be implemented.  

2.0  Background 
2.1  Definitions 
Traceability - The ability to trace the history, application, or location of an item and like items or activities by means of 
recorded identification. 

2.2  Associated Procedures 
P ��M �ederal Technical SOP 4-1, Field Logbook Content and Control
P ��M Quality Procedures (QPs) 2.1 and 2.3 
P Manufacturer�s operating and maintenance and calibration procedures 

2.3  Discussion 
M�T� may be government furnished (��), rented or leased from an outside vendor, or purchased. It is essential that 
measurements and tests resulting from the use of this e�uipment be of the highest accountability and integrity. To 
facilitate that, the e�uipment shall be used in full understanding and compliance with the instructions and specifications 
included in the manufacturer�s operations and maintenance and calibration procedures and in accordance with any other 
related pro�ect-specific re�uirements. 

3.0  Responsibilities 
All staff with responsibility for the direct control and�or use of M�T� are responsible for being knowledgeable of and under-
standing and implementing the re�uirements contained herein as well as any other related pro�ect-specific re�uirements. 

The pro�ect manager (PM) or designee (e�uipment coordinator, �uality assurance coordinator, field team leader, etc.) is 
responsible for initiating and tracking the re�uirements contained herein. 

Note: �esponsibilities may vary from site to site. Therefore, all field team member responsibilities shall be defined in the 
field plan or site-�pro�ect-specific �uality assurance plan.  

4.0  Requirements for M&TE 
P �etermine and implement M�T� related pro�ect-specific re�uirements 
P The maintenance and calibration procedures must be followed when using M�T�  
P Obtain the maintenance and calibration procedures if they are missing or incomplete 
P Attach or include the maintenance and calibration procedures with the M�T� 
P Prepare and record maintenance and calibration in an e�uipment log or a field log as appropriate (�igure 1) 
P Maintain M�T� records 
P Label M�T� re�uiring routine or scheduled calibration (when re�uired) 
P Perform maintenance and calibration using the appropriate procedure and calibration standards 
P Identify and take action on nonconforming M�T� 
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For M&TE that is rented or leased from an outside vendor:
Shipper - Inspect the item to ensure that the maintenance and calibration procedures and latest calibration and standards 
certification records are included prior to shipment. If any documentation is missing or incomplete, do not ship the item. 
Immediately contact the procurement division and re�uest that they obtain the documentation from the vendor. 

5.7  Records Maintenance 
For GF M&TE:
PM or Designee - �reate a file upon the initial receipt of an item of M�T� or calibration standard. Organize the files by 
contract origin and by M�T� item and calibration standard. Store all files in a cabinet, file drawer, or other appropriate 
storage media at the pertinent warehouse or office location. 

Receiver - �orward the original packing slip to the procurement division and a photocopy to the PM or designee. 

PM or Designee and User�
- Maintain all original documents in the e�uipment file except for the packing slip and field log. 
- �ile the photocopy of the packing slip in the M�T� file. 
- �ecord all maintenance and calibration in an e�uipment log or field log (as appropriate). �ile the completed e�uipment 

logs in the M�T� records. �orward completed field logs to the PM for inclusion in the pro�ect files. 

For M&TE rented or leased from an outside vendor:
Receiver - �orward the packing slip to the procurement division. 

User:
- �orward the completed field log to the PM for inclusion in the pro�ect files. 
- �etain the most current maintenance and calibration record and calibration standards certifications with the M�T� item 

and forward previous versions to the PM for inclusion in the pro�ect files. 

5.8  Traceability of Calibration Standards 
For all items of M&TE:
PM or Designee and User:
- � hen ordering calibration standards, re�uest nationally recognized standards as specified or re�uired. �e�uest 

commercially available standards when not otherwise specified or re�uired. Or, re�uest standards in accordance with 
other related pro�ect-specific re�uirements. 

- �e�uire certifications for standards that clearly state the traceability. 
- �e�uire Material Safety �ata Sheets to be provided with standards. 
- Note standards that are perishable and consume or dispose of them on or before the expiration date. 

5.9  M&TE That Fails Calibration 
For any M&TE item that cannot be calibrated or adjusted to perform accurately:
PM or Designee
- Immediately discontinue use and segregate the item from other e�uipment. Notify the appropriate PM and take 

appropriate action in accordance with the ��M QP 2.3 for nonconforming items. 
- �eview the current and previous maintenance and calibration records to determine if the validity of current or previous 

measurement and test results could have been affected and notify the appropriate PM(s) of the results of the review. 

6.0  Restrictions/Limitations 
On an item-by-item basis, exemptions from the re�uirements of this SOP may be granted by the Head�uarters health 
and safety manager and�or Head�uarters �uality assurance director. All exemptions shall be documented by the grantor 
and included in the e�uipment records as appropriate. 

7.0  References 
��M �ederal Programs �orporation. 2007. Quality Assurance Manual. �ev. 11. 

��M �ederal Programs �orporation. 2005. Government Property Manual. �ev. 3. 
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Figure 1 

A subsidiary of Camp Dresser & McKee Inc. Maintenance and Calibration

�ate�    Time�  (a.m.�p.m.) 
�mployee Name� ��uipment �escription� 
�ontract�Pro�ect� ��uipment I� No.� 
Activity�  �����    ��� ��uipment Serial No.�     ������

Maintenance 

Maintenance Performed� 

�omments�

Signature�       �� �ate�        �����
Calibration/Field Check 

�alibration Standard� �oncentration of Standard� 
Lot No. of �alibration Standard� �xpiration �ate of �alibration Standard� 
Pre-�alibration �eading� Post-�alibration �eading� 
Additional �eadings� Additional �eadings� 
Additional �eadings� Additional �eadings� 
Pre-�ield �heck �eading� Post-�ield �heck �eading� 
Ad�ustment(s)� 

�alibration�   Passed   �ailed 
�omments�

Signature�       ��� �ate�        ������

R2-0003700



Appendix � 

�aritan �ay Slag Site �round � ater Sampling Procedure 
Low Stress (Low �low)   Purging and Sampling 

R2-0003701



Appendix C 
EPA Region 2 

Groundwater Sampling SOP For 
Raritan Bay Slag Site 

Page 1 of 8

U.S. ENVIRONMENTAL PROTECTION AGENCY 
 REGION 2 
 

GROUNDWATER SAMPLING PROCEDURE 
LOW STRESS (LOW-FLOW) PURGING AND SAMPLING 

 
 
I. SCOPE & APPLICATION 
 

This Low Stress (or Low-Flow) Purging and Sampling Procedure is the EPA Region 2 
preferred method for collecting groundwater samples from single screen monitoring 
wells at the Raritan Bay Slag Site.  The procedure minimizes stress on the formation and 
minimizes disturbance of sediment in the well.  The procedure applies to monitoring 
wells that have well casing with an inner diameter of 2.0 inch or greater.  It is 
appropriate for groundwater samples that will be analyzed for volatile and semi-volatile 
organic compounds (VOC and SVOC), pesticides, polychlorinated biphenyls (PCB), 
metals, and microbiological and other contaminants in association with any EPA 
program. 

 
This procedure does not address the collection of non-aqueous phase liquid (NAPL) 
samples and should be used for aqueous samples only.  For sampling NAPLs, the reader 
is referred to the following EPA publications: DNAPL Site Evaluation (Cohen & Mercer, 
1993) and the RCRA Ground-Water Monitoring: Draft Technical Guidance (EPA/530-R-
93-001), and references therein. 

 
II. METHOD SUMMARY 
 

The goal of the Low Stress Purging and Sampling procedure is to collect samples 
that are representative of groundwater conditions in the geological formation.  
This is accomplished by setting the intake velocity of the sampling pump to a 
flow rate that allows a maximum drawdown of 0.3 foot.   
 
Sampling at such a low flow rate has three primary benefits. First, it minimizes 
disturbance of sediment in the bottom of the well, thereby producing a sample with low 
turbidity (i.e., low concentration of suspended particles).  Typically, this saves time and 
analytical costs by eliminating the need for collecting and analyzing a filtered sample 
from the same well.  Second, it minimizes aeration of the groundwater during sample 
collection, which improves the sample quality for VOC analysis.  Third, in most cases it 
significantly reduces the volume of groundwater purged from a well and the costs 
associated with its proper treatment and disposal. 
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III. ADDRESSING POTENTIAL PROBLEMS 
 

Problems that may be encountered using this technique include a) difficulty in sampling 
wells with insufficient yield; b) failure of a key indicator parameter to stabilize; c) 
cascading of water and formation of air bubbles in the tubing; and d) cross-
contamination. 

 
For wells with insufficient yield (i.e., low recharge rate of the well), care should be taken 
to avoid loss of pressure in the tubing line, cascading through the sand pack, or 
pumping the well dry.  Purging should be interrupted before the water level in the well 
drops below the top of the pump.  Sampling should commence as soon as the volume in 
the well has recovered sufficiently to allow collection of samples.  Alternatively, ground 
water samples may be obtained with techniques designed for the unsaturated zone, such 
as lysimeters. 

      
If a key indicator parameter fails to stabilize after 4 hours, one of two options should be 
considered: a) continue purging in an attempt to achieve stabilization; or b) discontinue 
purging, collect samples, and document attempts to reach stabilization in the log book.  
The key indicator parameter for samples to be analyzed for VOCs is dissolved oxygen.  
The key indicator parameter for all other samples is turbidity. 

 
For cascading and air bubbles in the tubing, care should be taken to ensure that the flow 
rate is sufficient to maintain pump suction.  Minimize the length and diameter of tubing 
(i.e., 1/4 inch ID) to ensure that the tubing remains filled with liquid during sampling.   

 
An item that should be checked on a daily basis, is the water within the cooling chamber 
of the submersible pump.  This chamber should always be filled with demonstrated 
analyte-free water and any leakage from this chamber should be immediately brought to 
the attention of the person(s) responsible for equipment maintenance so that the 
appropriate seals can be replaced.  Operating the pump with insufficient water in this 
cooling chamber could result in the pump overheating and/or pump failure.  The 
analyte-free water should be replaced on a daily basis in order to facilitate the 
mechanical operation of the pump.  

 
IV. EQUIPMENT 
 

� Approved site-specific Quality Assurance Project Plan (QAPP). Generally, the 
target depth corresponds to just above the mid-point of the most permeable zone 
in the screened interval.  Borehole geologic and geophysical logs can be used to 
help select the most permeable zone.  However, in some cases, other criteria may 
be used to select the target depth for the pump intake.  

� Well construction data, location map, field data from last sampling event. 
� Polyethylene sheeting. 
� Photo Ionization Detector (PID). 
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� Adjustable rate, positive displacement groundwater sampling pump constructed 
of stainless steel. 

� Interface probe or equivalent device for determining the presence or absence of 
NAPL.  

� Teflon-lined polyethylene tubing to collect samples for organic and inorganic 
analysis. Sufficient tubing of the appropriate material must be available so that 
each well has dedicated tubing.  

   � Electronic water level measuring device, 0.01 foot accuracy. 
� Flow measurement supplies (e.g., graduated cylinder and stop watch). 
� Power source (generator). 
� Monitoring instruments for indicator parameters.  Redox potential (Eh) and 

dissolved oxygen must be monitored in-line using an instrument with a 
continuous readout display.  Temperature, pH and specific conductance may be 
monitored with an in-line monitor. A nephalometer is used to measure turbidity.  

� Decontamination supplies (see Section VII, below). 
� Logbook (see Section VIII, below). 
� Sample bottles. 
� Sample preservation supplies (as required by the analytical methods). 
� Sample tags or labels, chain of custody. 

 � Other supplies as specified in the EPA approved field sampling plan/QAPP. 
 
V. SAMPLING PROCEDURES 
 
 Pre-Sampling Activities 
 

1. Start at the well known or believed to have the least contaminated groundwater 
and proceed systematically to the well with the most contaminated groundwater.  
Check well for damage or evidence of tampering.  Record observations. 

 
2. Lay out sheet of polyethylene for monitoring and sampling equipment. 

 
3. Measure VOCs at the rim of the unopened well with a PID or FID instrument 

and record the reading in the field log book. 
 

4. Remove well cap. 
 

5. Measure VOCs at the rim of the well with a PID or FID instrument and record 
the reading in the field log book. 

 
6. If the well casing does not have a reference point (usually a V-cut or indelible 

mark in the well casing), make one. 
 

7. Measure and record the depth to water (to 0.01 ft) in all wells to be sampled 
before any purging begins.  Care should be taken to minimize disturbance in the 
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water column and dislodging of any particulate matter attached to the sides or 
settled at the bottom of the well. 

 
8. If desired, measure and record the depth of any NAPLs using an interface probe.  

Care should be taken to minimize disturbance of any sediment which has 
accumulated at the bottom of the well.  Record the observations in the log book. 

 
Sampling Procedures 

 
9.  Install Pump: Slowly lower the pump, safety cable, tubing and electrical lines 

into the well to a depth midway within the screen interval for that well. The 
pump intake must be kept at least two feet above the bottom of the well to 
prevent disturbance and resuspension of any sediment or DNAPL present in the 
bottom of the well.  Record the depth to which the pump is lowered.  
 

10. Measure Water Level:  Before starting the pump, measure the water level again 
with the pump in the well.  Leave the water level measuring device in the well.   

 
11. Purge Well: Start pumping the well with a rate that varies from 200 to 500 

milliliters per minute (ml/min).  The water level should be monitored 
approximately every three to five minutes.  Ideally, a steady flow rate 
should be maintained that results in a stabilized water level (drawdown 
of 0.3 ft or less). Pumping rates should, if needed, be reduced to the 
minimum capabilities of the pump to ensure stabilization of the water 
level.  As noted above, care should be taken to maintain pump suction 
and to avoid entrainment of air in the tubing.  Record each adjustment 
made to the pumping rate and the water level measured immediately 
after each adjustment.  

      
12. Monitor Indicator Parameters:  During purging of the well, monitor and record 

the field indicator parameters (turbidity, temperature, specific conductance, pH, 
Eh, and DO) approximately every three to five minutes.  The well is considered 
stabilized and ready for sample collection when the indicator parameters have 
stabilized for three consecutive readings as follows (Puls and Barcelona, 1996):   

 
+0.1 for pH  

   +3% for specific conductance (conductivity) 
   +10 mv for redox potential  
   +10% for DO and turbidity 
 

Dissolved oxygen and turbidity usually require the longest time to achieve 
stabilization.  The pump must not be removed from the well between purging 
and sampling. 
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If pH adjustment is necessary for sample preservation, the amount of acid to be 
added to each sample vial prior to sampling should be determined, drop by 
drop, on a separate and equal volume of water (e.g., 40 mls).  Groundwater 
purged from the well prior to sampling can be used for this purpose. 
 

13. Collect Samples: Collect samples at flow rates of between 100 and 250 ml/min or 
such that drawdown of the water level within the well does not exceed the 
maximum allowable drawdown of 0.3 ft.  Samples should be collected at the 
same flow rate at which the indicator parameters stabilized.  VOC samples must 
be collected first, at the lower rate, and directly into pre-preserved sample 
containers.  All sample containers should be filled with minimal turbulence by 
allowing the groundwater to flow from the tubing gently down the inside of the 
container.  

 
14. Remove Pump and Tubing:  After collection of the samples, the tubing, unless 

permanently installed, must be properly discarded or dedicated to the well for 
re-sampling by hanging the tubing inside the well.  

 
15. Measure and record well depth. 

 
16. Close and lock the well. 

 
VI. FIELD QUALITY CONTROL SAMPLES 
 

Quality control samples must be collected to determine if sample collection and 
handling procedures have adversely affected the quality of the ground water samples. 
The appropriate EPA Program Guidance was consulted when preparing the field QC 
sample requirements of the site-specific QAPP. 

 
All field quality control samples must be prepared exactly as regular investigation 
samples with regard to sample volume, containers, and preservation.  The following 
quality control samples will be collected for each batch of samples (a batch may not 
exceed 20 samples).  Trip blanks are required for the VOC samples at frequency of one 
per sample cooler containing VOCs 

 
 � Field duplicate. 
 � Equipment blank (not necessary if equipment is dedicated to the well). 
 � Trip blank (VOCs only) 
 

Groundwater samples should be collected systematically beginning at wells known or 
believed to have the lowest level of contamination and proceeding in order to wells 
known or believed to have the highest level of contamination. 
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VII. DECONTAMINATION 
 
Sampling equipment must be decontaminated thoroughly each day before use (daily 
decon) and after each well is sampled (between-well decon).  As noted above, wells 
should be sampled in order from the least contaminated to the most contaminated.  
Pumps should not be removed from the well between purging and sampling operations.  
All non-disposable equipment, including the pump (support cable and electrical wires 
which are in contact with the sample) will be decontaminated as described below.   

 
17. Prior to Sampling Event Decon 

 
Please Note: Steps D through K should only be performed once (for 
each pump that is to be used) before the commencement of a particular 
sampling event by a person qualified to disassemble pumps.  
 
A) Pre-rinse: Operate pump in a deep basin containing 8 to 10 gallons of potable 
water for 5 minutes and thoroughly flush other equipment with potable water. 

 
B) Wash: Operate pump in a deep basin containing 8 to 10 gallons of a non-
phosphate detergent solution, such as Alconox, for 5 minutes and thoroughly 
flush other equipment with fresh detergent solution.  Use the detergent 
sparingly.  

 
C) Rinse: Operate pump in a deep basin of potable water for 5 minutes and 
thoroughly flush other equipment with potable water for five minutes.   

 
D) Disassemble pump. 

 
E) Wash pump parts (inlet screen, shaft suction interconnector, motor lead 
assembly, stator house): Place the disassembled parts of the pump into a deep 
basin containing 8 to 10 gallons of non-phosphate detergent solution.  Scrub all 
pump parts with a test tube brush.   

 
F) Rinse pump parts with potable water for five minutes. 

 
G) Rinse the pump parts with demonstrated analyte-free water. 

  
H) Place impeller assembly in a large glass beaker and rinse with 1% nitric acid 
(HNO3).   

 
I) Rinse impeller assembly with potable water for five minutes.     

 
J) Place impeller assembly in a large glass bleaker and rinse with isopropanol. 
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K) Thoroughly rinse impeller assembly with demonstrated analyte-free water.   
 

18.  Daily and Between-Well Decon 
 

A) Pre-rinse: Operate pump in a deep basin containing 8 to 10 gallons of potable 
water for 5 minutes and thoroughly flush other equipment with potable water 
for five minutes. 

 
B) Wash: Operate pump in a deep basin containing 8 to 10 gallons of a non-
phosphate detergent solution, such as Alconox, for 5 minutes and thoroughly 
flush other equipment with fresh detergent solution.  Use the detergent 
sparingly.  

 
C) Rinse: Operate pump in a deep basin of potable water for 5 minutes and 
thoroughly flush other equipment with potable water for five minutes.   

 
D) Final Rinse: Operate pump in a deep basin of analyte-free water to pump out 
1 to 2 gallons of this final rinse water. 

 
VIII. FIELD LOG BOOK 
 

A field log book must be kept each time ground water monitoring activities are 
conducted in the field.  The field log book should document the following: 

 � Well identification number and physical condition. 
 � Well depth, and measurement technique. 

� Static water level depth, date, time, and measurement technique. 
� Presence and thickness of immiscible liquid layers and detection method. 

 � Collection method for immiscible liquid layers. 
� Pumping rate, drawdown, indicator parameters values, and clock time, at three 

to five minute intervals; calculate or measure total volume pumped. 
 � Well sampling sequence and time of sample collection. 

� Types of sample bottles used and sample identification numbers. 
 � Preservatives used. 
 � Parameters requested for analysis. 
 � Field observations of sampling event. 
 � Name of sample collector(s). 
 � Weather conditions. 

� QA/QC data for field instruments. 
 � Other logbook entries as required in the EPA approved field sampling 

plan/QAPP. 
 
IX. REFERENCES 
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QAPP Worksheet #15 
Reference Limits and Evaluation Table 

 
Matrix: Aqueous 
Analytical Group: Metals-ICP/AES 
Concentration Level: 

Analyte CAS Number

Project (PRP) 
Quantitation

Limit 3

Achievable  (DESA) 
Limits2

Method CRQLs  
μg/l MDLs μg/l   

RLs
μg/l

Aluminum 7429-90-5  200 93.9 200 
Antimony 7440-36-0  60 0.71 20 
Arsenic 7440-38-2  10 2.26 8 
Barium 7440-39-3  200 0.83 6 
Beryllium 7440-41-7  5 0.24 5 
Cadmium 7440-43-9  5 0.11 4 
Calcium 7440-70-2  5000 68.0 1000 
Chromium 7440-47-3  10 0.22 6 
Cobalt 7440-48-4  50 0.18 8 

Copper 7440-50-8  25 5.89                 
10 

Iron 7439-89-6  100 35.6 100 
Lead 7439-92-1  10 1.18 7 
Magnesium 7439-95-4  5000 30..5 1000 
Manganese 7439-96-5  15 0.07 5 
Mercury 7439-97-6  0.2 .017 0.2 
Nickel 7440-02-0  40 0.46 5              
Potassium 7440-09-7  5000 53.3 1000 

Selenium 7782-49-2  35 1.34                 
7

Silver 7440-22-4  10 .030 6 
Sodium 7440-23-5  5000 161 1000 
Thallium 7440-28-0  25 1.62 20 
Vanadium 7440-62-2  50 2.14  10 
Zinc 7440-66-6  60 4.84 8 

R2-0003719
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QAPP Worksheet #15 
Reference Limits and Evaluation Table 

Matrix: Aqueous 
Analytical Group: Metals-ICP/MS
Concentration Level: 

Analyte CAS Number

Project (PRP) 
Quantitation

Limit 3

Method 
CRQLs
μg/l

Achievable  (DESA) 
Limits2

MDLs μg/l   
RLs
μg/l

Aluminum 7429-90-5 - 1.19 10 
Antimony 7440-36-0 2 0.022 2.0 

Arsenic 7440-38-2 1 0.062 1.0 

Barium 7440-39-3 10 0.031 1.0 

Beryllium 7440-41-7 1 0.010 1.0 

Cadmium 7440-43-9 1 0.009 1.0 

Calcium 7440-70-2 - -

Chromium 7440-47-3 2 0.314 1.0 

Cobalt 7440-48-4 1 0.015 1.0 

Copper 7440-50-8 2 0.315 1.0 

Iron 7439-89-6 - -

Lead 7439-92-1 1 0.011 1.0 

Magnesium 7439-95-4 - -

Manganese 7439-96-5 1 0.135 1.0 

Mercury 7439-97-6 - -

Nickel 7440-02-0 1 0.471 1.0 

Potassium 7440-09-7 - -

Selenium 7782-49-2 5 0.183 5.0 

Silver 7440-22-4 1 0.007 1.0 

Sodium 7440-23-5 - -

Thallium 7440-28-0  1 0.013 1.0 

Vanadium 7440-62-2  1 0.082 1.0 

Zinc 7440-66-6 2 0.165 1.0 

R2-0003720
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QAPP Worksheet #15 
Reference Limits and Evaluation Table 

Matrix: Soil
Analytical Group: Metals 
Concentration Level: 

Analyte
CAS 

Number

Project 
(PRP)

Quantitation
Limit 3

Method
CRQLs
mg/kg

Achievable  (DESA) Limits2

MDLs - 
mg/kg              RLs - mg/kg

Aluminum 7429-90-5 20 * 100 
Antimony 7440-36-0 6 0.22 2

Arsenic 7440-38-2 1 0.35 0.8 

Barium 7440-39-3 20 0.24 10 

Beryllium 7440-41-7 0.5 0.02 0.3 

Cadmium 7440-43-9 0.5 0.02 0.3 

Calcium 7440-70-2 500 12.57 50 

Chromium 7440-47-3 1 0.34 0.5 

Cobalt 7440-48-4 5 0.03 2

Copper 7440-50-8 2.5 0.26 1

Iron 7439-89-6 10 * 5

Lead 7439-92-1 1 0.23 0.8 

Magnesium 7439-95-4 500 5.06 50 

Manganese 7439-96-5 1.5 0.33 0.5 

Mercury 7439-97-6 0.1 .0043 0.05 

Nickel 7440-02-0 4 0.09 2

Potassium 7440-09-7 500 12.36 50 

Selenium 7782-49-2 3.5 0.22 2

Silver 7440-22-4 1 0.06 0.5 

Sodium 7440-23-5 500 22.48 100 

Thallium 7440-28-0  2.5 3.14 2

Vanadium 7440-62-2  5 0.40 2

Zinc 7440-66-6 6 1.57 2

* MDL study cannot be successfully performed on these analytes because of high background levels in 
matrix (sand). 
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QAPP Worksheet #15 
Reference Limits and Evaluation Table 

Matrix: Soil
Analytical Group: PEST/PCBs
Concentration Level: 

Analyte
CAS 

Number

Project 
(PRP)

Quantitation
Limit 3

Method QLs 
μg/kg 

Achievable  (DESA) 
Limits2

MDLs μg/kg
RLs
μg/kg

alpha-BHC   319-89-6  1.7 2.15 2.5 
gamma-BHC 58-89-9  1.7 1.89 2.5 
beta-BHC 319-85-7  1.7 1.35 2.5 
delta-BHC 319-86-8  1.7 1.51 2.5 
Heptachlor 76-44-8  1.7 2.05 2.5 
Aldrin 309-00-2  1.7 1.66 2.5 
Heptachlor epoxide 1024-57-3  1.7 1.34 2.5 
Gamma-chlordane 5103-74-2  1.7 0.96 2.5 
alpha-chlordane 5103-71-9  1.7 1.01 2.5 
Endosulfan I 1031-07-8  1.7 1.16 2.5 
4,4'-DDE 72-55-9  3.3 1.92 5.0 
Dieldrin 60-57-1  3.3 1.91 5.0 
Endrin 72-20-8  3.3 1.84 5.0 
4,4'-DDD 72-54-8  3.3 1.35 5.0 
Endosulfan II 1031-078  3.3 1.27 5.0 
4,4'-DDT 50-29-3  3.3 1.52 5.0 
Endrin aldehyde 7421-93-4  3.3 2.24 5.0 
Methoxychlor 72-43-5  17 8.00 25 
Endosulfan sulfate 1031-07-8  3.3 1.24 2.5 
Endrin ketone 53494-70-5  3.3 1.18 2.5 
Toxaphene 8001-35-2  170 75.9 190 
Technical chlordane    56.1 62 
AROCLOR 1016 12674-11-2  33  31 
AROCLOR 1221 11104-28-2  33  62 
AROCLOR 1232 11141-16-5  33  31 
AROCLOR 1242 53469-21-9  33 29.9 31 
AROCLOR 1248 12672-29-6  33  31 
AROCLOR 1254 11097-69-1  33  31 
AROCLOR 1260 11096-82-5  33  31 
AROCLOR 1262 37324-23-5  33  31 
AROCLOR 1268 11100-14-4  33  31 
      
      

R2-0003722



Page 13 

QAPP Worksheet #15 
Reference Limits and Evaluation Table 

Matrix: Aqueous 
Analytical Group: PEST/PCB Aroclors 
Concentration Level: 

Analyte
CAS 

Number

Project 
(PRP)

Quantitation
Limit 3

Method CRQLs  
μg/L 

Achievable  (DESA) Limits2

MDLs μg/L       RLs  μg/L 
alpha-BHC   319-89-6  0.050 0.001 0.0025 
gamma-BHC 58-89-9  0.050 0.001 0.0025 
beta-BHC 319-85-7  0.050 0.002 0.0025 
delta-BHC 319-86-8  0.050 0.002 0.0025 
Heptachlor 76-44-8  0.050  0.001 0.0025 
Aldrin 309-00-2  0.050 0.001 0.0025 
Heptachlor epoxide 1024-57-3  0.050 0.005 0.0025 
Gamma-chlordane 5103-74-2  0.050 0.001 0.0025 
Alpha-chlordane 5103-71-9  0.050 0.002 0.0025 
Endosulfan I 1031-07-8  0.050 0.002 0.0025 
4,4'-DDE 72-55-9  0.10 0.003 0.005 
Dieldrin 60-57-1  0.10 0.004 0.005 
Endrin 72-20-8  0.10 0.004 0.005 
4,4'-ddd 72-54-8  0.10 0..005 0.005 
Endosulfan II 1031-078  0.10 0.004 0.005 
4,4'-DDT 50-29-3  0.10 0.004 0.005 
Endrin aldehyde 7421-93-4  0.10 0.006 0.005 
Methoxychlor 72-43-5  0.50 0.032 0.050 
Endosulfan sulfate 1031-07-8  0.10 0.004 0.005 
Endrin ketone 53494-70-5  0.10 0.004 0.005 
Toxaphene 8001-35-2  5.0 0.049 0.1875 
Technical chlordane    0.020 0.0625 
AROCLOR 1016 12674-11-2  1.0  0.03125 
AROCLOR 1221 11104-28-2  1.0  0.0625 
AROCLOR 1232 11141-16-5  1.0  0.03125 
AROCLOR 1242 53469-21-9  1.0 0.020 0.03125 
AROCLOR 1248 12672-29-6  1.0  0.03125 
AROCLOR 1254 11097-69-1  1.0 0.014 0.03125 
AROCLOR 1260 11096-82-5  1.0  0.03125 
AROCLOR 1262 37324-23-5  1.0  0.03125 
AROCLOR 1268 11100-14-4  1.0  0.03125 
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QAPP Worksheet #15 
Reference Limits and Evaluation Table 

Matrix: Aqueous 
Analytical Group: Sanitary Chemistry 
Concentration 
Level: 

Analyte
CAS 

Number

Project 
(PRP)

Quantitation
Limit 3

Method 
QLs 5

Achievable  (DESA) 
Limits 

MDLs mg/L RLs  mg/l
Alkalinity 471-34-1   0.11 1.0 
Ammonia 7664-41-7   0.010 0.05  
Chloride 16887-00-6   0.54 1.0 
COD    8.89 20  
Cyanide 57-12-5  10 μg/L 1.29 μg/l 5.0 μg/l 
Fluoride (IC)    0.0040o 0.10  
Fluoride (ISE) 016984488   .036 1.00  
Hexavalent Chromium 018540299   6.21 μg/l 10.0 μg/L 
Nitrite (NO2) (as N) 014797650   0.010 0.05  
Nitrite (NO2) (as N) IC    0.0030 0.10  
Nitrate (NO3) ( as N) 014797558   0.010 0.05  
Nitrate (NO3) ( as N) 
IC    0.050 0.10  

Nitrite + Nitrate ( as N) 7727-37-9   0.0020 0.05  
O-PO4 14265-44-2   0.0030 0.01  
0P04 (IC)    0.039 0.10  
Oil and Grease( 
Hexane extractable 
Material) 

   1.280 5.0  

TPH( Silica-Gel 
treated Hexane 
Extractable material) 

   4.66 5.0  

TSS    N/A 10  

BOD E1640606   N/A 2.0 

Total Phenols    7.13 μg/l 10.0 μg/l 
Sulfate 14808-79-8   1.34 5.0  
Total  Phosphorus 77723-14-0   0.0060 0.05  
TKN    0.070 0.10 
Sulfide    0.0090 0.05  
TOC 10-19-5   0.19 1.0  
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QAPP Worksheet #15 
Reference Limits and Evaluation Table 

Matrix: Soil
Analytical Group: Semi -Volatile Organic Compounds 
Concentration Level: low 

Analyte
CAS 

Number

Project 
(PRP)

Quantitation
Limit 3

Method
QLs 5

μg/kg 

Achievable  
(DESA) Limits2    

MDLs
μg/kg

RLs
μg/kg 

Benzaldehyde   100-52-7  170  120 
Phenol 108-95-2  170  120 
Bis(2-chloroethyl)ether 111-44-4  170  120 
2-Chlorophenol 95-57-8  170  120 
2-Methylphenol 95-48-7  170  120 
Bis(2-chloroisopropyl)ether 108-60-1  170  120 
Acetophenone 98-86-2  170  120 
4-Methylphenol 106-44-5  170  120 
N-Nitroso-di-n-propylamine 621-64-7  170  120 
Hexachloroethane 67-72-1  170  120 
Nitrobenzene 98-95-3  170  120 
Isophorone 78-59-1  170  120 
2-Nitrophenol 88-75-5  170  120 
2,4-dimethylphenol 105-67-9  170  120 
Bis(2-chloroethoxy)methane 111-91-1  170  120 
2,4-dichlorophenol 120-83-2  170  120 
Naphthalene 91-20-3  170  120 
4-Chloroaniline 106-47-8  170  120 
Hexachlorobutadiene 87-68-3  170  120 
Caprolactam 105-60-2  170  120 
4-Chloro-3-methylphenol 59-50-7  170  120 
2-methyl naphthalene 91-57-6  170  120 
Hexachlorocyclopentadiene 77-47-4  170  120 
1,2,4,5-Tetrachlorobenzene 95-94-3  170  120 
2,4,6-Trichlorophenol 88-06-2  170  120 
2,4,5-Trichlorphenol 95-95-4  170  120 
1,1'-Biphenyl 92-52-4  170  120 
2-Chloronaphthalene 91-58-7  170  120 
2-Nitroaniline 88-74-4  330  120 
Dimethyl phthalate 131-11-3  170  120 
Acenaphthylene 208-96-8  170  120 
2,6-Dinitrotoluene 606-20-2  170  120 
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Analyte
CAS 

Number

Project 
(PRP)

Quantitation
Limit 3

Method
QLs 5

μg/kg 

Achievable  
(DESA) Limits2    

MDLs
μg/kg

RLs
μg/kg 

3-Nitroaniline 99-09-2  330  120 
Acenaphthene 83-32-9  170  120 
2,4-Dinitrophenol  51-28-5  330  800 
4-Nitrophenol 100-02-7  330  400 
Dibenzofuran 132-64-9  170  120 
2,4-Dinitrotoluene 121-14-2  170  120 
2,3,4,6-Tetrachlorophenol 58-90-2  170  120 
Fluorene 86-73-7  170  120 
Diethylphthalate 84-66-2  170  120 
4-Chlorophenyl phenyl ether 7005-72-3  170  120 
4-Nitroaniline 100-01-6  330  120 
4,6-Dinitro-2-Methylphenol 534-52-1  330  400 
N-Nitrosodiphenylamine 86-30-6  170  120 
4-Bromophenyl phenyl ether 101-55-3  170  120 
Hexachlorobenzene 118-74-1  170  120 
Atrazine 1912-24-9  170  120 
Pentachlorophenol 87-86-5  330  400 
Phenanthrene 85-01-8  170  120 
Anthracene 120-12-7  170  120 
Carbazole 86-74-8  170  120 
Di-n-butyl phthalate 84-74-2  170  120 
Fluoranthene 206-44-0  170  120 
Pyrene 129-00-0  170  120 
Butylbenzylphthalate 85-68-7  170  120 
3,3-Dichlorobenzidine 91-94-1  170  120 
Benzo(a)anthracene 56-55-3  170  120 
Chrysene 218-01-9  170  120 
Bis(2-ethylhexyl)phthalate 117-81-7  170  120 
Di-n-octyl phthalate 117-84-0  170  120 
Benzo(b)Fluoranthene 205-99-2  170  120 
Benzo(k)Fluoranthene 207-08-9  170  120 
Benzo(a)pyrene 50-32-8  170  120 
Indeno(1,2,3-cd)pyrene 193-39-5  170  120 
Dibenzo(a,h)anthracene 53-70-6-3  170  120 
Benzo(g,h,i)perylene 191-24-2  170  120 
1,4-Dioxane      

Note: Based on the new CRQLs the MDL study is currently being reanalyzed.  
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QAPP Worksheet #15 
Reference Limits and Evaluation Table 

Matrix: Aqueous 
Analytical Group: Semi -Volatile Organic Compounds 
Concentration Level: Low 

Analyte
CAS 

Number

Project 
(PRP)

Quantitation
Limit 3

Method 
QLs

Achievable  (DESA) 
Limits

MDLs
μg/L        RLs

Benzaldehyde   100-52-7  5 μg/L 0.10 5 μg/L 
Phenol 108-95-2  5 μg/L 1.36 5 μg/L 
Bis(2-Chloroethyl)ether 111-44-4  5 μg/L 1.38 5 μg/L 
2-Chlorophenol 95-57-8  5 μg/L 1.43 5 μg/L 
2-Methylphenol 95-48-7  5 μg/L 0.99 5 μg/L 
Bis(2-Chloroisopropyl)ether 108-60-1  5 μg/L 1.23 5 μg/L 
Acetophenone 98-86-2  5 μg/L 0.9 5 μg/L 
4-Methylphenol 106-44-5  5 μg/L 0.81 5 μg/L 
N-Nitroso-di-n-propylamine 621-64-7  5 μg/L 0.99 5 μg/L 
Hexachloroethane 67-72-1  5 μg/L 1.35 5 μg/L 
Nitrobenzene 98-95-3  5 μg/L 1.13 5 μg/L 

Isophorone 78-59-1  5 μg/L 0.76 5 μg/L 

2-Nitrophenol 88-75-5  5 μg/L 1.08 5 μg/L 
2,4-Dimethylphenol 105-67-9  5 μg/L 1.81 5 μg/L 
Bis(2-Chloroethoxy)methane 111-91-1  5 μg/L 0.97 5 μg/L 
2,4-Dichlorophenol 120-83-2  5 μg/L 0.94 5 μg/L 
Naphthalene 91-20-3  5 μg/L 1.05 5 μg/L 
4-Chloroaniline 106-47-8  5 μg/L 0.42 5 μg/L 
Hexachlorobutadiene 87-68-3  5 μg/L 1.02 5 μg/L 
Caprolactam 105-60-2  5 μg/L 1.0 5 μg/L 
4-Chloro-3-methylphenol 59-50-7  5 μg/L 0.62 5 μg/L 
2-Methyl naphthalene 91-57-6  5 μg/L 0.88 5 μg/L 
Hexachlorocyclopentadiene 77-47-4  5 μg/L 0.92 5 μg/L 
1,2,4,5-Tetrachlorobenzene 95-94-3  5 μg/L 0.8 5 μg/L 
2,4,6-Trichlorophenol 88-06-2  5 μg/L 0.55 5 μg/L 
2,4,5-Trichlorphenol 95-95-4  5 μg/L 0.76 5 μg/L 
1,1'-Biphenyl 92-52-4  5 μg/L 1.0 5 μg/L 
2-Chloronaphthalene 91-58-7  5 μg/L 0.80 5 μg/L 
2-Nitroaniline 88-74-4  10 μg/L 0.70 5 μg/L 
Dimethyl phthalate 131-11-3  5 μg/L 0.47 5 μg/L 
Acenaphthylene 208-96-8  10 μg/L 0.77 5 μg/L 
2,6-Dinitrotoluene 606-20-2  5 μg/L 0.79 5 μg/L 

3-Nitroaniline 99-09-2  10 μg/L 0.76 5 μg/L 
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Analyte
CAS 

Number

Project 
(PRP)

Quantitation
Limit 3

Method 
QLs

Achievable  (DESA) 
Limits

MDLs
μg/L        RLs

Acenaphthene 83-32-9  5 μg/L 0.72 5 μg/L 
2,4-Dinitrophenol  51-28-5  10 μg/L 0.33 20μg/L 
4-Nitrophenol 100-02-7  10 μg/L 0.35 10μg/L 
Dibenzofuran 132-64-9  5 μg/L 0.72 5 μg/L 
2,4-Dinitrotoluene 121-14-2  5 μg/L 0.48 5 μg/L 
2,3,4,6-Tetrachlorophenol 58-90-2  5 μg/L  5 μg/L 
Fluorene 86-73-7  5 μg/L 0.61 5 μg/L 
Diethylphthalate 84-66-2  5 μg/L 0.39 5 μg/L 
4-Chlorophenyl Phenyl Ether 7005-72-3  5 μg/L 0.57 5 μg/L 
4-Nitroaniline 100-01-6  10 μg/L 0.34 5 μg/L 
4,6-Dinitro-2-Methylphenol 534-52-1  10 μg/L 0.85 10μg/L 
N-Nitrosodiphenylamine 86-30-6  5 μg/L 0.61 5 μg/L 
4-Bromophenyl Phenyl Ether 101-55-3  5 μg/L 0.58 5 μg/L 
Hexachlorobenzene 118-74-1  5 μg/L 0.49 5 μg/L 
Atrazine 1912-24-9  5 μg/L 1.5 5 μg/L 
Pentachlorophenol 87-86-5  10 μg/L 0.91 10μg/L 
Phenanthrene 85-01-8  5 μg/L 0.47 5 μg/L 
Anthracene 120-12-7  5 μg/L 0.58 5 μg/L 
Carbazole 86-74-8  5 μg/L 1.2 5 μg/L 
Di-N-Butyl Phthalate 84-74-2  5 μg/L 0.48 5 μg/L 
Fluoranthene 206-44-0  5 μg/L 0.51 5 μg/L 
Pyrene 129-00-0  5 μg/L 0.53 5 μg/L 
Butylbenzylphthalate 85-68-7  5 μg/L 0.49 5 μg/L 
3,3-Dichlorobenzidine 91-94-1  5 μg/L 0.4 5 μg/L 
Benzo(a)anthracene 56-55-3  5 μg/L 0.58 5 μg/L 
Chrysene 218-01-9  5 μg/L 0.53 5 μg/L 
Bis(2-Ethylhexyl)phthalate 117-81-7  5 μg/L 0.68 5 μg/L 
Di-n-octyl phthalate 117-84-0  5 μg/L 0.57 5 μg/L 
Benzo(b)fluoranthene 205-99-2  5 μg/L 0.41 5 μg/L 
Benzo(k)fluoranthene 207-08-9  5 μg/L 0.60 5 μg/L 
Benzo(a)pyrene 50-32-8  5 μg/L 0.55 5 μg/L 
Indeno(1,2,3-cd)pyrene 193-39-5  5 μg/L 0.50 5 μg/L 
Dibenzo(a,h)anthracene 53-70-6-3  5 μg/L 0.42 5 μg/L 

Benzo(g,h,i)perylene 191-24-2  5 μg/L 0.35 5 μg/L 

*1,4-Dioxane     2 μg/L 
* MDL study is being performed
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QAPP Worksheet #15 
Reference Limits and Evaluation Table 

Matrix: Soil
Analytical Group: Volatile Organic Compounds 
Concentration Level: Low 

Analyte
CAS 

Number

Project 
(PRP)

Quantitation
Limit 3

Method 
QLs
μg/kg 

Achievable  (DESA) 
Limits2

MDLs
μg/kg RLs μg/kg 

Dichlorodifluoromethane   75-71-8  5 0.7 5 
Chloromethane 74-87-3  5 2.2 5 
Vinyl Chloride 75-01-4  5 * 5 
Bromomethane 74-83-9  5 1.3 5 
Chloroethane 75-00-3  5 0.9 5 
Trichlorofluoromethane 75-69-4  5 0.4 5 
1,1-Dichloroethene 75-35-4  5 0.7 5 
1,1,2-Trichloro-1,2,2-
trifluoroethane 76-13-1  5 0.8 5 

Carbon Disulfide 75-15-0  5 0.8 5 
Acetone 67-64-1  10  4.0 10  
Methyl Acetate 79-20-9  5 1.6 5 
Methylene Chloride 75-09-2  5 0.6 5 
trans-1,2-Dichloroethene 156-60-5  5 0.5 5 
cis-1,2-Dichloroethene  156-59-2  5 0.6 5 
Methyl tert-Butyl Ether 1634-04-4  5 0.3 5 
1,1-Dichloroethane 75-34-3  5 0.7 5 
2-Butanone 78-93-3  10  1.2 10  
Chloroform 67-66-3  5 0.3 5 
1,2-Dichloroethane 107-06-2  5 0.5 5 
1,1,1-Trichloroethane 71-55-6  5 0.3 5 
Cyclohexane 110-82-7  5 0.4 5 
Carbon Tetrachloride 56-23-5  5 1.9 5 
Benzene 71-43-2  5 0.5 5 
Trichloroethene 79-01-6  5 0.6 5 
Methylcyclohexane 108-87-2  5 0.8 5 
1,2-Dichloropropane 78-87-5  5 0.5 5 
Bromodichloromethane 75-27-4  5 0.5 5 
cis-1,3-Dichloropropene 10061-01-5  5 0.6 5 
trans-1,3-Dichloropropene 10061-02-6  5 0.6 5 
1,1,2-Trichloroethane 79-00-5  5 0.3 5 
Dibromochloromethane 124-48-1  5 0.5 5 
4-Methyl-2-Pentanone 108-10-1  10  0.6 10  
Toluene 108-88-3  5 1.2 5 
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Analyte
CAS 

Number

Project 
(PRP)

Quantitation
Limit 3

Method 
QLs
μg/kg 

Achievable  (DESA) 
Limits2

MDLs
μg/kg RLs μg/kg 

1,2-Dibromoethane 106-93-4  5 0.4 5 
Chlorobenzene 108-90-7  5 0.8 5 
Tetrachloroethene 127-18-4  5 0.5 5 
2-Hexanone 591-78-6  10  0.5 10  
Ethylbenzene 100-41-4  5 0.6 5 
m,p-Xylene  179601-23-1  5 1.1 5 
o-Xylene 95-47-6  5 0.7 5 
Styrene 100-42-5  5 0.7 5 
Bromoform 75-25-2  5 0.6 5 
Isopropylbenzene 98-82-8  5 0.6 5 
1,1,2,2-Tetrachloroethane 79-34-5  5 0.4 5 
1,3-Dichlorobenzene 541-73-1  5 1.1 5 
1,4-Dichlorobenzene 106-46-7  5 1.2 5 
1,2-Dichlorobenzene 95-50-1  5 1.0 5 
1,2-Dibromo-3-Chloropropane 96-12-8  5 0.5 5 
1,2,4-Trichlorobenzene 120-82-1  5 1.5 5 
1,2,3-Trichlorobenzene 87-61-6  5 1.5 5 
Bromochloromethane 74-97-5  5 0.6 5 

                 * MDL Study will be performed 
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QAPP Worksheet #15 
Reference Limits and Evaluation Table 

Matrix: Soil
Analytical Group: Volatile Organic Compounds 
Concentration Level: Medium 

Analyte
CAS 

Number

Project 
(PRP)

Quantitation
Limit 3

Method 
CRQL
μg/kg 

Achievable  (DESA) 
Limits2

MDLs
μg/kg RLs μg/kg

Dichlorodifluoromethane     75-71-8  250  250 
Chloromethane 74-87-3  250  250 
Vinyl Chloride 75-01-4  250  250 
Bromomethane 74-83-9  250  250 
Chloroethane 75-00-3  250  250 
Trichlorofluoromethane 75-69-4  250  250 
1,1-Dichloroethene 75-35-4  250  250 
1,1,2-Trichloro-1,2,2-
trifluoroethane 76-13-1  250  250 

Carbon Disulfide 75-15-0  250  250 
Acetone 67-64-1  500  500 
Methyl Acetate 79-20-9  250  250 
Methylene Chloride 75-09-2  250  250 
trans-1,2-Dichloroethene 156-60-5  250  250 
cis-1,2-Dichloroethene  156-59-2  250  250 
Methyl tert-butyl ether 1634-04-4  250  250 
1,1-Dichloroethane 75-34-3  250  250 
2-Butanone 78-93-3  500  500 
Chloroform 67-66-3  250  250 
1,2-Dichloroethane 107-06-2  250  250 
1,1,1-Trichloroethane 71-55-6  250  250 
Cyclohexane 110-82-7  250  250 
Carbon Tetrachloride 56-23-5  250  250 
Benzene 71-43-2  250  250 
Trichloroethene 79-01-6  250  250 
Methylcyclohexane 108-87-2  250  250 
1,2-Dichloropropane 78-87-5  250  250 
Bromodichloromethane 75-27-4  250  250 
cis-1,3-Dichloropropene 10061-01-5  250  250 
trans-1,3-Dichloropropene 10061-02-6  250  250 
1,1,2-Trichloroethane 79-00-5  250  250 
Dibromochloromethane 124-48-1  250  250 
4-Methyl-2-pentanone 108-10-1  500  500 
Toluene 108-88-3  250  250 

R2-0003731



Page 22 

Analyte
CAS 

Number

Project 
(PRP)

Quantitation
Limit 3

Method 
CRQL
μg/kg 

Achievable  (DESA) 
Limits2

MDLs
μg/kg RLs μg/kg

1,2-Dibromoethane 106-93-4  250  250 
Chlorobenzene 108-90-7  250  250 
Tetrachloroethene 127-18-4  250  250 
2-Hexanone 591-78-6  500  500 
Ethylbenzene 100-41-4  250  250 
m,p-Xylene  179601-23-1  250  250 
o-Xylene 95-47-6  250  250 
Styrene 100-42-5  250  250 
Bromoform 75-25-2  250  250 
Isopropylbenzene 98-82-8  250  250 
1,1,2,2-Tetrachloroethane 79-34-5  250  250 
1,3-Dichlorobenzene 541-73-1  250  250 
1,4-Dichlorobenzene 106-46-7  250  250 
1,2-Dichlorobenzene 95-50-1  250  250 
1,2-Dibromo-3-
Chloropropane 96-12-8  250  250 

1,2,4-Trichlorobenzene 120-82-1  250  250 
1,2,3-Trichlorobenzene 87-61-6  250  250 
Bromochloromethane 74-97-5  250  250 

        
Note: Based on the new CRQLs the MDL study is currently being reanalyzed.  
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 QAPP Worksheet #15 
Reference Limits and Evaluation Table 

Matrix: Aqueous 
Analytical Group: Volatile Organic Compounds 
Concentration Level: Low 

Analyte
CAS 

Number

Project (PRP) 
Quantitation

Limit 3
Method 

QLs

Achievable  (DESA) 
Limit 

     MDLs  
     μg/L

RLs
Dichlorodifluoromethane     75-71-8  5 μg/L 0.3 5 μg/L 
Chloromethane 74-87-3  5 μg/L 0.54 5 μg/L 
Vinyl Chloride 75-01-4  5 μg/L 1.52 5 μg/L 
Bromomethane 74-83-9  5 μg/L 1.90 5 μg/L 
Chloroethane 75-00-3  5 μg/L 1.01 5 μg/L 
Trichlorofluoromethane 75-69-4  5 μg/L 2.18 5 μg/L 
1,1-Dichloroethene 75-35-4  5 μg/L 1.12 5 μg/L 
1,1,2-Trichloro-1,2,2-
trifluoroethane 76-13-1  5 μg/L 0.3 5 μg/L 

Carbon Disulfide 75-15-0  5 μg/L 1.58 5 μg/L 
Acetone 67-64-1  10 μg/L 0.67 10 μg/L
Methyl Acetate 79-20-9  5 μg/L 0.4 5 μg/L 
Methylene Chloride 75-09-2  5 μg/L 0.52 5 μg/L 
trans-1,2-Dichloroethene 156-60-5  5 μg/L 0.91 5 μg/L 
cis-1,2-Dichloroethene  156-59-2  5 μg/L 0.2 5 μg/L 
Methyl tert-Butyl Ether 1634-04-4  5 μg/L 0.4 5 μg/L 
1,1-Dichloroethane 75-34-3  5 μg/L 0.58 5 μg/L 
2-Butanone 78-93-3  10 μg/L 0.7 10 μg/L
Chloroform 67-66-3  5 μg/L 0.44 5 μg/L 
1,2-Dichloroethane 107-06-2  5 μg/L 0.55 5 μg/L 
1,1,1-Trichloroethane 71-55-6  5 μg/L 0.6 5 μg/L 
Cyclohexane 110-82-7  5 μg/L 0.6 5 μg/L 
Carbon Tetrachloride 56-23-5  5 μg/L 1.23 5 μg/L 
Benzene 71-43-2  5 μg/L 0.46 5 μg/L 
Trichloroethene 79-01-6  5 μg/L 0.99 5 μg/L 
Methylcyclohexane 108-87-2  5 μg/L 0.7 5 μg/L 
1,2-Dichloropropane 78-87-5  5 μg/L 0.44 5 μg/L 
Bromodichloromethane 75-27-4  5 μg/L 0.51 5 μg/L 
cis-1,3-Dichloropropene 10061-01-5  5 μg/L 0.63 5 μg/L 
trans-1,3-Dichloropropene 10061-02-6  5 μg/L 0.4 5 μg/L 
1,1,2-Trichloroethane 79-00-5  5 μg/L 0.3 5 μg/L 
Dibromochloromethane 124-48-1  5 μg/L 0.2 5 μg/L 
4-Methyl-2-Pentanone 108-10-1  10 μg/L 0.64 10 μg/L
Toluene 108-88-3  5 μg/L 0.77 5 μg/L 
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Analyte
CAS 

Number

Project (PRP) 
Quantitation

Limit 3
Method 

QLs

Achievable  (DESA) 
Limit 

     MDLs  
     μg/L

RLs
1,2-Dibromoethane 106-93-4  5 μg/L 0.2 5 μg/L 
Chlorobenzene 108-90-7  5 μg/L 0.59 5 μg/L 
Tetrachloroethene 127-18-4  5 μg/L 1.11 5 μg/L 
2-Hexanone 591-78-6  10 μg/L 0.68 10 μg/L
Ethylbenzene 100-41-4  5 μg/L 0.59 5 μg/L 
m,p-Xylene  179601-23-1  5 μg/L 1.17 5 μg/L 
o-Xylene 95-47-6  5 μg/L 0.56 5 μg/L 
Styrene 100-42-5  5 μg/L 0.57 5 μg/L 
Bromoform 75-25-2  5 μg/L 0.43  5 μg/L 
Isopropylbenzene 98-82-8  5 μg/L 0.3 5 μg/L 
1,1,2,2-Tetrachloroethane 79-34-5  5 μg/L 0.64 5 μg/L 
1,3-Dichlorobenzene 541-73-1  5 μg/L 0.82 5 μg/L 
1,4-Dichlorobenzene 106-46-7  5 μg/L 0.84 5 μg/L 
1,2-Dichlorobenzene 95-50-1  5 μg/L 0.75 5 μg/L 
1,2-Dibromo-3-
Chloropropane 96-12-8  5 μg/L 0.7 5 μg/L 

1,2,4-Trichlorobenzene 120-82-1  5 μg/L 0.4 5 μg/L 
*1,2,3-Trichlorobenzene 87-61-6  5 μg/L  5 μg/L 
* Bromochloromethane 74-97-5  5 μg/L  5 μg/L 

                

 * MDL study will be performed. 
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QAPP Worksheet #15 
Reference Limits and Evaluation Table 

Matrix: Aqueous 
Analytical Group: Volatile Organic Compounds 
Concentration Level: Trace 

Analyte
CAS 

Number

Project (PRP) 
Quantitation

Limit 3
Method 
CRQLs

Achievable  (DESA) 
Limits2

MDLs
μg/L         RLs     

Dichlorodifluoromethane  75-71-8  0.5 μg/L 0.11 0.5 μg/L 
Chloromethane 74-87-3  0.5 μg/L 0.07 0.5 μg/L 
Vinyl Chloride 75-01-4  0.5 μg/L 0.12 0.5 μg/L 
Bromomethane 74-83-9  0.5 μg/L 0.14 0.5 μg/L 
Chloroethane 75-00-3  0.5 μg/L 0.14 0.5 μg/L

Trichlorofluoromethane 75-69-4  0.5 μg/L 0.11 0.5 μg/L

1,1-Dichloroethene 75-35-4  0.5 μg/L 0.10 0.5 μg/L
1,1,2-Trichloro-1,2,2-
trifluoroethane 76-13-1  0.5 μg/L 0.5 μg/L

Carbon Disulfide 75-15-0  0.5 μg/L 0.10 0.5 μg/L

Acetone 67-64-1  5.0μg/L 0.36 0.5 μg/L

Methyl Acetate 79-20-9  0.5 μg/L 0.5 μg/L

Methylene Chloride 75-09-2  0.5 μg/L 0.18 0.5 μg/L

trans-1,2-Dichloroethene 156-60-5  0.5 μg/L 0.09 0.5 μg/L

cis-1,2-Dichloroethene  156-59-2  0.5 μg/L 0.06 0.5 μg/L

Methyl tert-butyl ether 1634-04-4  0.5 μg/L 0.03 0.5 μg/L

1,1-Dichloroethane 75-34-3  0.5 μg/L 0.08 0.5 μg/L

2-Butanone 78-93-3  5.0μg/L 0.21 0.5 μg/L

Chloroform 67-66-3  0.5 μg/L 0.07 0.5 μg/L

1,2-Dichloroethane 107-06-2  0.5 μg/L 0.09 0.5 μg/L

1,1,1-Trichloroethane 71-55-6  0.5 μg/L 0.09 0.5 μg/L

Cyclohexane 110-82-7  0.5 μg/L 0.5 μg/L

Carbon Tetrachloride 56-23-5  0.5 μg/L 0.10 0.5 μg/L

Benzene 71-43-2  0.5 μg/L 0.07 0.5 μg/L

Trichloroethene 79-01-6  0.5 μg/L 0.08 0.5 μg/L

Methylcyclohexane 108-87-2  0.5 μg/L 0.5 μg/L

1,2-Dichloropropane 78-87-5  0.5 μg/L 0.04 0.5 μg/L

Bromodichloromethane 75-27-4  0.5 μg/L 0.06 0.5 μg/L

cis-1,3-Dichloropropene 10061-01-5  0.5 μg/L 0.05 0.5 μg/L

trans-1,3-Dichloropropene 10061-02-6  0.5 μg/L 0.04 0.5 μg/L

1,1,2-Trichloroethane 79-00-5  0.5 μg/L 0.08 0.5 μg/L

Dibromochloromethane 124-48-1  0.5 μg/L 0.03 0.5 μg/L

4-Methyl-2-pentanone 108-10-1  0.5 μg/L 0.10 0.5 μg/L

Toluene 108-88-3  0.5 μg/L 0.08 0.5 μg/L
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Analyte
CAS 

Number

Project (PRP) 
Quantitation

Limit 3
Method 
CRQLs

Achievable  (DESA) 
Limits2

MDLs
μg/L         RLs     

1,2-Dibromoethane 106-93-4  0.5 μg/L 0.04 0.5 μg/L 
Chlorobenzene 108-90-7  0.5 μg/L 0.06 0.5 μg/L

Tetrachloroethene 127-18-4  0.5 μg/L 0.09 0.5 μg/L

2-Hexanone 591-78-6  5.0μg/L 0.11 0.5 μg/L

Ethylbenzene 100-41-4  0.5 μg/L 0.06 0.5 μg/L

m,p-Xylene  179601-23-1  0.5 μg/L 0.13 0.5 μg/L

o-Xylene 95-47-6  0.5 μg/L 0.05 0.5 μg/L

Styrene 100-42-5  0.5 μg/L 0.03 0.5 μg/L

Bromoform 75-25-2  0.5 μg/L 0.07 0.5 μg/L

Isopropylbenzene 98-82-8  0.5 μg/L 0.06 0.5 μg/L

1,1,2,2-Tetrachloroethane 79-34-5  0.5 μg/L 0.05 0.5 μg/L

1,3-Dichlorobenzene 541-73-1  0.5 μg/L 0.05 0.5 μg/L

1,4-Dichlorobenzene 106-46-7  0.5 μg/L 0.03 0.5 μg/L

1,2-Dichlorobenzene 95-50-1  0.5 μg/L 0.04 0.5 μg/L
1,2-Dibromo-3-
Chloropropane 96-12-8  0.5 μg/L 0.18 0.5 μg/L

1,2,4-Trichlorobenzene 120-82-1  0.5 μg/L 0.06 0.5 μg/L

1,2,3-Trichlorobenzene 87-61-6  0.5 μg/L 0.05 0.5 μg/L

Bromochloromethane 74-97-5  0.5 μg/L 0.10 0.5 μg/L
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